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AB STRAC T

Thermal conductivity, electrical resistivity, Lorenz

ratio, and thermopower data are reported for several speci-

mens of Armco iron for temperatures from 4 to 300K. At

low temperatures the electrical resistivity and thermal con-

ductivity vary from specimen to specimen by more than 10g0.

However, the Lorenz ratios of these specimens differ by

less than 1.5%; and the intrinsic resistivities calculated

using Matthiessen' s rule differ by less than 0. Z% of the

total resistivities. Thus, Armco iron specimens can be

used as standards by measuring the residual resistivities

and utilizing the Lorenz ratio reported here.
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Seebeck effect, thermal conductivity, transport properties.
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1. Introduction

Design and development engineers in the aerospace industry con-

tinue to have urgent need for thermal and mechanical property data for

new materials. For most materials, especially new or uncommon alloys

measured values of thermal conductivity are not available and predictions

cannot be made with adequate confidence. To help satisfy these needs,

we have constructed an apparatus for the simultaneous measurement of

thermal conductivity, electrical resistivity and thermopower. Measure-

ments have been conducted on several aerospace alloys, Hust, et al!l]

Another phase of this program, to establish standard reference data on

several standard reference materials (or specimens), has begun. We

intend to measure several specimens of materials which appear to be

useful as standards. For some materials, material variability may be

so great that only standard specimens (not standard materials) will be

useful. Standard reference specimens or materials are usefulfor inter-

comparison of existing apparatus, for debugging new apparatus, and for

calibration of comparative apparatus. The apparent large differences

between the results of various investigators for a given material (50% is

not unheard of) is evidence of the need for intercomparisons, calibra-

tions, and standardization. The availability of standard reference ma-

terials will result in more accurate and more permanent transport prop-

erty data for technically important solids.

This paper contains the results of our measurements on the

transport properties of Armco iron.* Armco iron was investigated at

low temperatures primarily because of its extensive use as a thermal

conductivity standard at higher temperatures!2 ]r .

ge

The use in this paper of trade names of specific products is essential

to the proper understanding of the work presented. Their use in no way

implies any approval, endorsement, or recommendations by NBS. Armco

iron is a registered trade name of a commercially pure iron produced

by Armco Steel Corporation.



Z. Apparatus and Data Analysis

The apparatus is based on the axial one-dimensional heat flow

method. The specimen is a cylindrical rod 3.6ram in diameter and Z3

cm long with an electric heater at one end and a temperature controlled

sink at the other. The specimen is surrounded by glass fiber and a tem-

perature controUed shield. Eight thermocouples are mounted at equally

spaced points along the length of the specimen to determine temperature

gradients in the range 4 to 300K.

The experimental data are represented by arbitrary functions

over the entire range and smooth tables are generated from these func-

tions. The number of terms used to represent each of the data sets is

optimized, through the use of orthonorrnal functions, so that none of the

precision of the data is lost by "underfitting" nor are any necessary

oscillations introduced by "overfitting." A detailed description of this

apparatus and the methods of data analysis is given by Hust, et al!l]

Further details are given in the Appendix of this report.

3. Specimen Characterization

An Armco iron rod (Z. 54 cm diameter and 35.6cm long) was ob-

tained from Battelle Memorial Institute. Typical composition of Armco

iron in weight percent is: 0.015 C, 0.0Z8 Mn, 0.005 P, 0.0Z5 S, 0.003 Si,

0.04 Cu, and 99.9 Fe. This rod was annealed by the supplier as follows:

! hour at 870°C in a gas-heated air muffle, and then in a quartz capsule2

at 1 X 10 -6 torr for 1½ hours at 875°C, furnace cooled to 150°C, held at

150°C for Z4 hours, and furnace cooled to room temperature. We cut the

rod into quarters along its axis and cut a 5 cm long piece from each end

of each quadrant. These eight pieces were used for electrical residual

resistivity ratio, hardness, and grain size measurements. Two of the

center Z5 cm sections were measured in the thermal conductivity appa-

ratus. The division of the rod and the labeling of specimens is shown

in figure 1.

Z



The hardness of these specimens, after machining, was B-40.0.

The specimens were subsequently reannealed using the same procedure

indicated by the supplier. The hardness after anneal was B-37. 1. The

grain size approximated from ASTM Chart El12, plate 1 was 0.053mm

and 0. 064mm after machining and after reannealing respectively.

The electrical residual resistivity ratios, RRR, of the eight

specimens (1A .... 4A, 1B .... 4B) after machining and of two of these

specimens after reannealing are recorded in table 1. These ratios ob-

tained from electrical resistance measurements at 273K and 4K in a

specially fabricated dip probe, are estimated to be accurate to about 0.2%.

Table 1 also contains the resistivity ratios of specimens 2C and 4C. The

data marked with asterisks were obtained from the thermal conductivity

apparatus.

C. F. Lucks of Battelle Memorial Institute performed similar

measurements on another bar of Armco iron [3]. The rms deviation of

his results on six specimens is 6.5% of the mean while the rms deviation

of our ten specimens is 3.6%. Lucks made his RRR measurements from

4K to Z98K; in order to compare absolute values, I adjusted his values

to P_s_/0_K by using dp/dT = 0.05_cm/K at the ice point. This value of

dp/dT comes from my measurements in the thermal conductivity appa-

ratus. The mean value of RRR (13.65) determined from my data is 5.5%

below the mean value reported by Lucks. It is noted from table 1 that

the RRR values are lower after annealing. This is an unexplained phe-

nomena at this time, but probably is connected with diffusion of impur-

ities from the grain boundaries upon heat treatment.



4. Results

The transport properties of specimens 2C and 4C were measured

in the thermal conductivity apparatus. Specimen 2C was subsequently

annealed (same annealing procedure as described before) and remeas-

ured. These data are presented in tables 2 through 7. These specimens

are referred to as 2 and 4 respectively in these tables. Specimen ZC

after annealing is referred to as 2a.

The experimental data were functionally represented with the

following equations:

n i+l
_nl = _ a i [_nT] (I)

i=i

m
i+i

9 = _ b i [LnT] (2)

i=l

S = _. c i [_nT _] /T'; T' T- 10 + 1 (3)

i=i

where k -- thermal conductivity, 9 = electrical resistivity, S = thermo-

power, and T = temperature. Temperatures are based on the IPTS-68

scale above 20K and the NBS P2-20 (1965) scale below 20K. The pa-

rameters, ai, bi, and c i, determined by least squares, are presented

in tables 8, 9, and I0. Further details of this procedure are described

by Hust, et al!l] The deviations of the experimental data from these

equations are given in tables II through 19 and in figures 2 through I0.

The "observed" thermal conductivities are computed from the mean

temperature gradients indicated by adjacent thermocouples. Calculated

values of k, p, S, and L = oX/T (Lorenz ratio) are presented in tables

20, 21, and 22 and in figures ii, 12, and 13.



A detailed error analysis for these measurements has been pre-

sented previously by Hust, et al! lj Based on this analysis of systematic

r _

and random errors the uncertainty estimates (with 95% confidence) are

as follows:

thermal conductivity:

electrical resistivity:

the rmopowe r:

2.5% at 300K, decreasing as T 4 to

0.70% at 200K, 0. 70% from 200K

to 50K, increasing inversely with

temperature to 1.5% at 4K.

0. zs_0

0.5% + 0.2_V/K at 4K, 0.2% +

0.05_V/K at 30K, and 0.1% +

0.03_V/K above 76K.

The thermopower values given here are absolute values although

our measurements were carried out with respect to normal silver wire.

The absolute thermopowers of normal silver reported by Borelius, et

al[4Jwere used to convert the experimental data to the absolute scale.

f _

5. Discussion

The thermal conductivities of these specimens differ by as much

as 10% at low temperatures; the differences observed in electrical resis-

tivity are similar. The thermal conductivity deviations of the three sets

of values are shown in figure 14. These data would suggest that Armco

iron is a poor thermal conductivity standard at low temperatures. How-

ever, upon further examination it is found that this conclusion is not

valid. The Lorenz ratio for these measurements is much less variable

at low temperatures than either p or k. Figure 15 illustrates the devi-

ations of the Lorenz ratios for each specimen from the mean value.



Since these deviations are not appreciably larger than the uncertainty in

the measured Lorenz ratio, the Lorenz ratio is assumed to be invariant

from specimen to specimen. Thus one can obtain the electrical resis-

tivity of a particular specimen of Armco iron and compute the thermal

conductivity using the Lorenz ratio reported here.

In order for the above procedure to be practical one needs a

relatively quick method of generating a P vs T curve for a particular

specimen from relatively few measurements. Matthiessen's rule indi-

cates that p = P0+ Pi, where P0 is the residual resistivity of the specimen

and Oi is the intrinsic resistivity of the material. It is known that this

rule is not satisfied exactly and that a correction term &(Po,Pi) exists.

However, if this correction term is sufficiently small one can recon-

struct a sufficiently accurate p vs T curve for a given specimen from

knowledge of Pi and measurement of P0 (only one measurement). To in-

vestigate this possibility, 9i was computed for each specimen using

Matthiessen's rule. The relative deviations of the computed values of

9i from the mean of three sets is shown in figure 16. This plot shows

that Pi values for specimens 2, 2a, and 4, as computed from Matthies-

sen's rule, differ from the mean by less than 0.3% of the resistivity.

This deviation is only slightly larger than the estimated uncertainty of

the measurements. It is not unreasonable to assume that this result

can be extended to other specimens of Armco iron having similar values

of Po and thus, Armco iron can be a useful low temperature standard

reference material. This is especially significant, since Armco iron

is already in extensive use as a high temperature standard reference

material!2 jr , The thermal conductivity, k, of standard reference speci-

men of Armco iron can be computed from



LT LT
X _ - (4)

P Pi + Po

where L and pi are given in table 23 and P0 is determined by a relatively

simple measurement.

The absolute thermopowers of these three specimens are com-

pared in figure 17. The deviations between specimens are only slightly

larger than the uncertainty in the tabulated values; thus no significant

difference between specimens can be detected from this property.
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Table 1

Residual resistivity ratio (P_3_/_K) of Armco iron

Specimen After machining

1A 14. 12

2A 13.81

3A 14. 13

4A 12.99

1B 13.81

2B 14.51

3B 14.09

4B 12.77

2C 13.86,

13.83 ;_

4C 12.44,

13.31"

After annealing

12.88

11.52

12.58*

#
These values were determined from measurements using the

thermal conductivity apparatus.

9



The data listed in tables 2 thru 7 are, in part, card images of exper-

imental data as read into the computer for data processing. These

data are not clearly labelled. The following is a line by line explan-

4, and 6.ation of tables 2,

1st line -

2nd line -

3rd line -

4th line -

5th line -

6th line -

Data identification.

Sample heater voltage (_V), current (mA), platinum

resistance thermometer voltage (_V), cryogenic bath

pressure (mm of Hg), room temperature (°C),

platinum resistance thermometer current (mA),

code indicating type of cryogenic bath (1 = liquid

helium, 2 = liquid hydrogen, 3 = liquid nitrogen,

4 = dry ice-alcohol, 5 = ice-water).

Thermocouple emfs (_V).

Seebeck emf (_V), specimen current (mA),

specimen voltage drop (_V).

Thermocouple temperatures (K).

Heater power (W), reference temperature (K),

specimen resistance (fl).

10



Table 2. Basic semi-processed temperature gradient
for Arrnco iron, specimen 2.

TNERflAL COIOUCT IV|TT
2941060 30.1000
155.85 192.39 229.93 267.?7

129.98 200. O0 52.4E

TI(ImocouPL£ T£RPOtATUmF.S
77.2Sl 79.254 81.302 83.354

H[ATER POqid[R I_F'rR[NC£ T[RP[RATUR[
8.7322-002 GS. EOG

data

DATA ¥OR ,1_0 IRON(2) 27AUG68 l_SPfl
3841.95 92.8 21.0 I .0 3.0

305.95 344.43 383. O0 422.30

TN[RI'ML CONDUCTIVITY
38r'J6750 40. 0000
292.10 _3.46 437.18 511.91

318.51 200.00 "/5.2G
TH£RROCOUPL_ TrRI_.RATUR[S

92.137 95.91E 99. 790 103.68G
H(AT[R POM[R R[FTRI[NC[ T[RP(RATUI_[

I .5427-001 7G. 549

85.418 87.487 89.555
SP[C IREN RF..SISTANC[

2. E227-004

91. G49

DATA rOf_ APJ_.O IRONI2J 28AUGG8 £25 PN
4G87.70 GSO.O 21.0 1.0 3.0

587,84 GE4,82 742,G2 822,I2

107,619 111,577 115,555
SPECII'IEJq R[SISTANCE

3,7630-004

TH[RPIAL CONDUCTIVITY DATA FOR ARI'RO IRON(2) 29AUG£8 1145AN
G754900 70.0000 4758.42 G53.0 21.0 1.0
745,45 992,50 1254,80 1525,50 1804,70 209t,04 2384,58

1543,50 200,00 150.2G
TH[RROCOUPL[ TEI'fl_ERATUR[$

11G,024 128,585 141,579 154,774 IG8,184 181,757 195,516
I,IIEATER POId[R R[rERIENCE TEiqPt[RATUI_ SPIECIREN RESISTANCE

4,7284-001 76,8tl 7,5130-004

119.591

TH[RIIAL CONDUCTIVITY
9_14249 99.5800

1_1,95 2251,69 2878,90 3551,45
2724,50 200,00 515,78

TH[RIqO(OUPI.[ TEIqP[RATUR(5
IG1,685 189.G$1 2_8.G95 248.394

H(AT[R POid[R R:(F[R(NC[ Y[IIP(RATUR[
9,5739"001 77,192

209.535

DATA FOR ARPICO IRON(2) 30AUGG8 IOOAM
4780.40 G53,0 21,0 1,0 3,0

4208.12 4903.G7 5616.50 G353.80

278,803 309,855 541,G83
SP[CIIqEN RF...SISTANC[

1,5789-003

374.G00

11



Table 2 (Cont.)

TH[RlqAL COI(OXTIVlTY DATA FOR ARfICO IRON(2) 50AUG68 220PR
599g57 4.1500 -0.00 666.0 21.0 1.0
13.25 15.97 18.95 21.87 24.36 27.04 29.63

-0.05 I00.00 11.66
THI[RROCOUPLr T[RP[RATURES

5.010 5. 229 5. 446 5. 650
HEATER P(]N[R R:I[FERENCE TEIqPERATURE

1 . 6585-005 4 . 075

5. 846 6. 052 G. 206
SPI[ C ! I'I[N R[S! STANC[

1.16_0-004

THERlqAL CONDUCTIVITY DATA F'OR _qCO IRON(2) 30AUGG8 530P1'1

827760 8.6000 -0.00 _.0 21.0 ! .0
41.08 50.58 59.93 68.88 76.99 84.86 92.2£

O. 13 200. O0 25.5_
THERROCOUPL.[ TEI_[RATUR[S

6. 992 7. 643 8. 252 8. 820 9. 548 9.8.36 10. 286
HEATER POM[R REFERENCE TEIIPERATURE SPECIREN RESISTAI_.[

7.1187-005 4. 075 1 . 1680-004

THERIqAL CONDUCTIVITY DATA FOR ARI'ICO IRON(2)
1265000 13.1350 -0.00 653.4
109.77 125.17 140.09 154.29

0.51 200.00 25.43
TI_RIIOCOUPt.E TCle_RATURI[S

11.5._ 12.274 15.159 13.990
HEATER POM[R REFERENCE TIrI,II_RATURE

1.6616-002 4. 054

1.0
31.85

G. 378

1.0
99.07

10.719

$OAUG68 650PN
21.0 I .0 1.0

167.46 ! 79.87 191.55 202.52

14.776 15.497 16.169
SPI[C IR[N RESISTk'qCE

1. ! 715-004

16.821

TN[I_AL CONDUCTIVITY DATA fOR ,Lq_O IRONI2_ 30AUGG8 710PN

2182120 22.6700 -0.00 654.0 21.0 1.0 1.0
216.55 247.55 276.55 305.45 528.52 351.88 575.74 594.64

5.60 200.00 23.77
TN[RROCC_DI.[ TCNI_RATURI[S

17.616 19.415 21.096 22.666 24.144 25.509 26.786 28.053
HEATER POMER PJEF[I_NC[ TEMPERATURE SPt[CllUlENRESISTANCE

4.9469-002 4.055 1.1885-004

12



Table 2 (Cont.)

TH[RIqAL COCqD_T I Vl T¥
11_050 12.0000
56.30 63. ! 8 70.20 77.29

1 . 04 200. O0 25.82
TH[RIqOC OUPLi" T[I'IPI[RATUR[S

23.127 25.540 25.947 24.35_

H[AT[R POM[R RI[FI'R[NC[ TDII:_.RATUi_
! . 31160-002 19.875

DATA If'OR a41tl'lCOIRON(2; 3S[PT68 3471P1'1
110.75 552.7 21.0 1.0

83.88 90.48 96.9(;

24. 753 25.137 25.509

SI>[C Irf.N RIll STANCr
1. 1910-004

TIdCRlUL CONDUCTIVITY DATA IroR _'ICO IRON(Z) 3S[PTG8 505/>1'I
5480880 36.1500 111 . _ 652.7 21 . 0 I. 0

2£3.95 310.00 356. O0 401.20 445.40 489.10 532.40
47.20 200.00 27.45

TH[RfqOCOUPL[ T_PJ[RATURES
_;5. 483 38.257 41.016 43.716

H[ATIr'R POM[R RJ[F[RF.NCir T[I'IPI[RATUR[
1.2576-001 19.935

46. 360 48. 946 51. 488
SP1[C! II[N R£_I STANCr

! .5715-004

25. 873

54.051

TH[RIIAL CONDUCTIVITY DATA FOR ARPICO IRON(2) 4SI[PTG8 120PM
4860190 50.4200 113.10 653.0 20.0 1.0 2.0
496.40 583.20 673.60 7_.45 861.80 960.30 1061.60 1167.10

241.42 200.00 39.59
THI[RfqOCOUPL[ TEIqP[RATU_S

49.435 54.554 59.758 65.046 70.418 75.879 81.419 87.134
I.I[AT[R POi4[R R[r£R[NC[ T[IIP[RATUI_ SI_C|I'I[N RF..SISTANC£

2.4505-001 20.003 1.9795-004

TI(RIqA4. CONDUCTIVITY DATA FOR ARFICO IRON(2) 45[PT68 430PM
2335100 24.2510 111.21 654.0 21.0 1.0
106.20 131.40 156.33 180.38 203.26 225.37 246.36

8.19 200.00 24.42
TH[RfIOCOUPL[ TEI,II_RATUI_S

26.074 27.570 29.041 30.461
H[ATER POM[R R£FERI[NCE TEIIPI[RATUR_

5._29--002 19.900

31.834 33.150 34.397
SI_CIII[N RF.31STANC[

1.2210-004

35.641
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Table 2 (Cont.)

TI4[llt_ CONDUCTIYIT7 DATA FOR AI_CO IROIql2) GS(PTG8 1150Nq
4149800 42.9900 17240.50 631.0 21.0 1.0
23g. 8£ 552.7g 4GO. 08 585.74 700.83 818. G2 937.57
544.20 200, O0 240.24

TH[Im(_OUPL[ T[PP(RATUIW..S
204.212 20g.454 214.74£ :)20.057

H(AT[R POId[R I_I:'I:'R(NC[ T_RATUR[
I . 7840-001 I gs. OSS

225.41 7 2.50. 792 2.%. 19_
SP(C II'qr_ I_.SI STANC(

1.2012-00.5

TH[RIq_ CONDUCTIVITY DATA FOR ARMCOIROtil2)
G270555 G4.9GO0 17299.40 G27.4
7.5.5.74 1001.22 1277.22 ISSG.20
!174.0G 100.00 IGO.G2

THI_RIIIOCOUPL[Tr_ATURr.S
227. 472 25g.G45 252.1.52 264.G87

I_ATER POlaR I_lr[l_NCr TrHI_RATUI_
4.07.54-001 I g.5.G20

4.0
1057. G8

241 .G57

7S[PT£8 4.50 PH
22.0 I .0 4.0

1841.25 2129.90 2422.95 2722.05

277.470 290.357 .50.5.441
SPrC ]I'1_ I_.SI STANCr

1.GOG2-_0.5

.51G.795
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The data listed in tables 2 thru 7 are, in part, card images of exper-

imental data as read into the computer for data processing. These

data are not labelled clearly. The following is a line by line explan-

ation of tables 3, 5, and 7.

ist line Data identification.

Znd line - Platinum resistance thermometer voltage (_V),

cryogenic bath pressure (mm of Hg), room

temperature (°C), platinum resistance ther-

mometer current (mA), code indicating type

of cryogenic bath (I = liquid helium, 2 = liquid

hydrogen, 3 = liquid nitrogen, 4 = dry ice-

alcohol, 5 = ice-water), specimen current (mA),

specimen voltage (_V), mean emf of eight

thermocouples (_V).

3rd line - Reference temperature (K), specimen

resistance (f_), specimen temperature (K).

15



"Iab __: 3. I3asic semi-pr_cessed isol,i1erz_lal electrical resistivity

data for _,rr:Ic,_iron, specin_en 2.

ISOTH[R_ RESISTIYITT DMA foR kq_O IRQNI2) 2GAUG68 1140AIq
.3242.85 95.20 21.00 I .00 5.00 200. O0 35.64

I_F£1_NC[ T[IqP(RATUR_ SPI[CII'(N _5|STANC[ SP(Cilq[N TrjqP(RATUR(
GS. 0,?.7 I. 7820-004 6_. 298

4.77

ISOTH[Rlq_ RI[SISTIYITT DATA FOR ARgO IRONI2) 2GAUGG8 950MI
5245.51 95.20 21.00 1.00 5.00 200.00 55.54

REFER[lICE T£1qI_RATUlt_ SPI[CIRI[N R(SISTANC( SlPIECIHEN TEHP(RATUIE
£3.031 1.7770-004 G$.OTG

O. 79

]SOTH[RRAL R£SISTIYITT DATA fOR kltRCO IRONI2) 2GAUG68 950AIPl
3775.15 92.80 21.00 t.00 3.00 200.00 44.90 144.01

RErER(NC( TERPERATURE SPECIMEN RESISTAJqC( SPECi_ T(RP(RATUR[
67.971 2.2450-004 75.983

ISOTHIERIqAL RESISllVITT DATA FOR _lllq(O IRONI2) 28AUG68 930AR
4G89.61 G51.60 21.00 1.00 5.00 200.00 57.58 247.1G

REFERENCE TEMPERATURE SPECII_JqRESISTA.qlC( SECIEN T(tIP(RATUIE
76.367 2.8787-004 89.7G4

ISOTH[RRAL RESISTIVITY DATA FOR ARIICO IRONI2) 29AUG&8 IlOPH
4737.00 G53.00 20.00 1.00 3.00 200.00 77.94 590.44

REFERENCE TERP(RATUR£ SP£CII'EN RESISTANC( SPECIIqrr.N T(JqP(RATUP,E.
7G.798 3.8970-004 108.179

ISOTH(RlqAL RESISTIVITY DATA for ARRCO IRON I2) 29AUG68 6001_
4813.05 652.50 21.00 1.00 3.00 200.00 124.82 1298.03

REFERENCE TEIIPERATUR( SPECIIq[N RESISTANC( SP[CIIq[N TEMP(RATUR(

77.489 6.2410-004 144.310

ISOTHERI'IAL RESISTIVIIT DATA FOR ARI'IC0 IRONI2) 5S[PT68 845PR

17246.80 G31.50 20.00 1.00 4.00 200.00 20G.33 167.69
R[FERENC[ TElqP(RATUR[ SPECilq_ RESISTANC( S1_Cilq_ TEIqPERATUII_

193.115 1.031G-003 200.924

ISOTH[RM_. RESISTIVITY DATA fOR klqiqCO IRON I2)
1731G.30 G28.60 21.00 1.00 4.00
REFERENCE TEIqPCRATUR[ SPECIIq[N RESISTANCE

193.782 1.1802-003

GS_PTG8 1125P1_
100.00 118.02 569.56

SI_CllqF.N TOqPE_TURE
220.121
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Table 3 (Cont.)

I$OTH(I_I_ IItI[SISTtVITT DATA FOR AJ_qco I;ONI2)
-0.00 GE_.O0 21.00 -0.00 1.00

REFERENCE T[IqPERATURE SP(cIIqEJq R(SISTANC[
4. 075 1. 1860-004

30AU668 150PM

100.00 11.f_ 11.12
S_C II'IDI T_I_LRAT_

4.941

ISOTHENqAL RESISTIVITY DATA FOR _qlCO |RON(2) 30AUGG8 420PH
-0.00 654.50 21.00 -0.00 1.00 200.00 23.34 46.74

REFERENCE TEMPERATURE SP(CIIqEN RESISTANC[ SP(CllqEN T_TUR;[
4.055 1.1670-004 7.440

ISOTN(ItlqAL RESISTIVITY DATA fOR ARMCO IRON(2) 30AU668 520PM
-0.00 654.00 21.00 -0.00 1.00 200.00 23.37 99.10

REFERENCE TEIqP(RATUR( SP[CIIqEN RESISTANCE SPECIMEN TEFIPERATUR£
4.055 1.1685-004 10.762

ISOTI_RIIAI. RESISTIVITT DATA FOR ARt|CO IRON(2) 30AUGG8 6501_

-0.00 654.00 21.00 -0.00 1.00 200.00 23.48 195.44
RE_[RENC[ TEIqP(RATUR( SP(CINEN RESISTANC( S1_C]IqEN TEMP(RATUR£

4.055 1.1740-004 16.463

I$OTH[RMAL RESISTIVITY DATA fOR ARNCO IRON(2}
110.30 653.00 21.00 1.00 2.00

REF[RENC[ T[IqI_RATURJ[ SP[CIMEN RESISTANC[
19.811 1.1795-004

.551_T68 20._Olq
200.00 2.5.59

_CI_ TF._I_.J_ T_
19. 866

0.27

ISOTH(RHAL RESISTIVITY DATA FOR ARIqCO IRON(2) .SS[PTG8 _sr'_°M

110.70 653.00 21.00 1.00 2.00 200.00 23.72 51.78
RErERENC[ TElqPERATUR[ SPECII_.N RESISTANC£ SPECItl[N TEMPERATURE

19.87.5 1.1860-004 22.86.5

ISOTI_RII/d. RES|STIViTY DATA FOR ARIqCO IRON(2} 4S[PT68 1115AH
112.7a 652.00 20.00 1.00 2.00 200.00 27.£3 442.23

REFERENCE TEIqP(RATUIIt[ SP(CIHEN RESISTaJqC( SPECltl[N TEMP(RATU_
19.98.5 I..5815-004 46.2.51

ISOTI_RI'IAL RESISTIVITY DATA fOR AJ_qICO IRON I2) 4S[PT68 _SPH

110.86 654.00 20.00 1.00 2.00 200.00 23.78 69._
RErERENC[ TEMPERATURE SPECIIqENRESISTaJqC[ SPECIMEN TEMPI[RATUR£

19.881 !.1890-004 2.5.9_
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Table 4. Basic semi-processed temperature gradient data

for Armco iron, specimen 2a.

THI_ItI_ CON[_TIVIT'r DATA FOR AJ_KO IRONI2A) 9 _ 69 900 AM
3857600 40.0000 4707.44 G47.0 24.0 1.0

17(;.41 246.46 318.77 392.53 467.41 543.G0 620.64
300.24 :)00.00 70.64

TH[RJqOCOUPI.Ir Tr'IqI_RATUR[S
86,123 89,880 93,725 97,£17

H£ATER POlaR RI[F'[RI[Ncr T[JIPI[RATUR[
1.5430-001 76,529

101.559 105.499 109.478
SP[cllq[N I_.SISTANC[

5.5320-004

THERIqAL CONDUCTIVITY DATA FOR ARI_CO IRONI2A)
5788935 GO, 0000 4703,45 648, 0
222.71 384.56 555. I 7 732.56 915.93

815.92 200.00 95.86
TH[RIqOCOUPI.[ TlrlqPI[RATUR[S

88.574 97.165 106.0_ 115.174
H[AT[R POlaR REF[RI[NCI" TlrlS_RATUR[

3. 4734-001 7(;. 493

113,503

10 NAR 69 1020 AN
23,0 I ,0 3,0

1104.85 1298,58 1497,87

124.455 133.888 143.444
SPECIlI[NRI[SISTANC[

4.7930-004

153.156

THERNAL CONi)UCTIVITY DATA FOR ARIICO IRONI2A) 10 MAR G9 500 PH

80G7000 83,5700 4767,78 648,0 23,0 1,0 3,0
560.81 909.22 1282.68 1675.24 2083.94 2507.94 2946.02 3399.18
1922.36 200.00 189,05

TH[Rtq_OUPL[ T£11PI[RATUR[S

t06.908 124.653 143.186 162.222 181.652 201.478 22t.674 242.313
HEAT[R POI4[R REr[RI[NCE TEIqPI[RAT_I[ SI_C]Iq[N JI_.SISTANCE

6.7416-001 77.078 8.4525-004

THERMAL CONDUCTIVITY DATA fOR ARIqCO IRONI2A)
3860100 40,0000 4859,08 667,0

1077,97 1163.31 1251.43 1340.03 1428,79
432.88 200.00 133.38

THERIqOCOUPL[ T[III_RATUI_S
133.833 138.057 142.394 146.730

H[AT[R POM[R RI[r[R[NC[ T[IqP[RATUI_
1.5440-001 77.907

!I _ G9 440 PH

24,0 1,0 3.0
1518,60 1608,94 1700.87

151,054 155,405 159,763
SPI[CII'I[N RESISTk'qC[

6,G_90-004

164.175



Table 4 (Cont.)

TI4[tmAL CONDUCTIVITY DATA IvORAIIBqcoIRONi2A)
5792200 SO. 0000 4157.50 667.0

!1M.58 1529.67 1532.2t 1738.83 1949.00
1025.47 200.00 165.30

TH£RIqOCOUPI.£T[lqP[RATUIIf.S
136.r-_4 146.213 156.052 165.979

H(ATrR POlaR II_F'£1_Ncr T£1qP(AATUI_
5.4755-001 77.895

12 IqM 69 1007 AM
23.0 1.0 3.0

2185.80 2582.15 2G05.36

t75.979 1U.106 196.320
SP(C iI_.N R(SI STANC[

8.2650-004

206.680

TI4[RIq_ CONDUCTIVITY DATA FOR Al_qCO IRONI2A) 25 IqAR6g 345 PM
3578470 55. 0000 17217.60 G30.0 24.0 1.0

84.92 160.20 236.41 512.91 389.76 466.91 544.41
34;4.64 100.00 110.50

T_(RnOCOUPt.£ TEnP(RATUR(S
196.796 200.298 205.834 207.574

i4(AT£R POlaR R(F'£_£ T£HP(RATUR(
1 •1825-001 t92.8_

210.922 214.47G 218.037
SP£CIM£N R£SISTANC[

1.1050-003

221.G25

TH(Rmti. CONDUCTIVITY DATA FOR ARIqCOIRONI2A) 26 _ G9 1200 NOON
4750400 49.0000 17354.50 G28.0 24.0 1.0
525.96 476.80 650.52 785.49

708.45 100.00 129.94
TH[RMOCOUPL£ T£MI;_RATUII_S

209.087 216.055 223.084 230.162
14(AT£R POlaR I_F(R£NC£ T[IqP(RATUR(

2.3179-001 195.957

4.0
941.76 109g.$4 1258.45 1419.74

237.273 244.419 251.6tl
SI_C llq_ R£SI STANC£

1.2994-003

258.878

TI,I(RRAL CONDUCTIVITY DATA If'ORAlnICO IRONI2A)
6446500 66. 7800 17325.50 628.0
595.58 676.56 967.21 1262.70 1062.06
1276.16 I00.00 150.84

TH(RIqocouPt.( T[IqP(RATUR[S
212.101 225.006 238.326 251.701

H(AT[R PO_R R£F'(I_NCr T£HP(RATUR(
4. 5050-001 193.151

26 IqJ 69 715 PM
24.0 1.0 4.0

1067.55 2177.29 2492.78

265.212 278.065 292.694
SP(C IlqCN n£SlSTanc[

t .5084-003

306.779
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Table 4 (Cont.)

TH[RI_ CONDUCTIVITY DATA fOR ARtICO JRON(2A_
3485400 316.1 700 115.35 549.0
121.93 1 79.47 233.65 28S. £0 3_1.52

35.68 200.00 28.20
THI[RIqOCOUPL[ TEIqPI[RATUR[$

27.118 30.535 33.761 36.867
HIEAT[R POMER RErERE_:E TrlIP[RATUI_

I .2607-001 20.015

13 PtAR 69 1215 Ptl
23.0 1.0 2.0

382.52 429.04 474.74

39.815 42.691 45.459
SPl[CIM[N R[SISTANCE

1.4100-004

THERflAL CONDUCTIVITY DATA fOR _l_CO IRON(2AJ
5068460 52.5700 115.82 649.0
219._i; 324.83 426.15 526.76 627.07

175.46 200.00 34.37
THERIqOCOqJPt.E TEIIPERATUI_S

33.034 59.567 45.427 51.371
HEATER POlaR P.ErERENCE TEIqP[RATUR[

2.6645-001 20.147

48.185

13 lIAR 69 300 PN

23.0 1.0 2.0
729.72 834.48 943.00

57. 226 63.110 69.019

SPECIMEN RF.SI STk'qCE
1.7t 85-004

75. 068

13 MAR 69 520 Ptl

23.0 I .0 2.0
!066.90 1:>13.85 1367.52

THERIqAL CONDUCTIVITY DATA FOR klll_O IRONI2A)
5634400 58. 4200 120. O0 649.0

413.50 534.83 660.15 790.32 925.50
2;68.80 ;)00. O0 44.98

TH[RIIOCOt.I_r TEHPERATUI_S
44 . 888 52.075 59. 345 GG. 746

HEATIrR POMER RE_'EREN(E TEPI_RATUR[
3.2916-001 20.564

74.505 82.055 89.959
SP[CItI[N RESISTANCE

2.2490-004

98.108

THERNAL CONDUCTIVITY DATA fOR AP.I_CO IRON(2AJ 7 MAR 69 500 PH
2404575 24.9400 4655.48 645.0 24.0 1.0

39.78 65.57 91.85 118.38
89.71 200.00 55.60

TH[RflOCOUPLE TEI'PI[RATURES

78.256 79.648 81.081 82.521
HEAT[R POllER REKEREt_E TEIqI_RATUI_

5.9970-002 76.056

3.0
145.02 171.87 198.65 225.74

85.965 85.414 86.858
SPECIMEN RESISTANCE

2.6800-004

88.310

2O



Table 4 {Cont. )

TH(mAL CONDUCTIVITY DATA FOR AlnICO |RONI2A)
4r_730 4. 7420 -0. O0 672.0
11,55 15,56 1g,G2 23,72 27,26

0.01 200.00 25. il4
TH(I_qOCOUPL£ T£1qlI_r.RATUR(_

4.88g 5.207 5.505 5.792
H£AT£R PON[R Ilff_r£R[NC£ T£JqP(IILATUR£

2. 1658-005 4.082

I g Plkq 69 439P_
24.0 1.0

31.03 34.60

G.OGI 6.521 6._0
SP(C IW.N RF.SISTAHCIC

1.2920-004

TH(RIq_ CONDUCTIVITY DATA F'OR ANqCO IRON(2A)
696128 7.2300 -0,00 672.0
27.32 35,46 43.27 5! ,01 57.87

0. t0 200,00 25,86
TH(RIqocoUPt.[ TCPIP(RATUR_

6,045 G.G2g 7. 159 7._8
H(ATCR POId(R R:i[FERI[NC( TEHP(RATUR(

5. 0350-003 4,082

19 _Lq 69 545 PM
24.0 -0.0

64.80 71.31

8,133 8,576 8,983
SPlCCIMEN Rr.SISTANC[

1.2930-004

TH(RIqAL CONDUCT]VZTY DATA FOR ARIqCOJRON(2A)
1151310 1t._00 -0.00 672.0
49.97 £8.54 85.71 101 .fIG 116.22

0.43 200.00 25.90
TH(RIqOCOUPI.[ T[IqPr'RATUI_S

7.595 8.8t6 9,1195 10.880
H[ATrR POId[R R[F[I_NCr T£11_RAT_I[

I , 5770-002 4,082

IS) PtAR6g 715 PPt
24.0 -0.0

130.11 142.94

11,765 12,590 13,542
SP(C I HrJq RF,SISTaNC(

1,2950-004

TI4(RIIAL CONDUCTIVITY DATA FOR AIItlqcoIR(Nq|2AJ
1908125 19.8200 -0.00 672.0
100.81 .138,67 172,10 202,65 229,58

1 . 9g 200, O0 26,03
TH(RIqOCOUPL[ TrlqPIrRATUI_CS

10.813 13.0M 15.061 16.852
H(AT(R POi4CR R[F[R(N¢[ TcIqI_RATUI_

3.78t 9-002 4,082

19 IqAR 69 810 PPt
23.0 -0.0

254.61 277,65

18.53HI 19.857 21.185
S_CCInr.N R(SlSTANC(

1.3015-004

6. 793

9,372

14.053

22,437

2_



Table 4 (Cont.)

THIERIPlALCONDUCTIVITY DATA fOR 4R:RCOIRONI2A) 20 HAR 69 1045 atl
2525375 24. 1500 -0. O0 673.0 24.0 -0.0
139.30 186.94 228.56 266.27

4.21 200.00 26.18
T_RPIOCO_>L[ TERPI[RATUI_S

13.124 15.930 18.545 20.525
HI[ATCR POId[R R:[rCR:[NC[ T[IqPI[RATUR[
5.6158-002 4. 083

1.0
299.35 330.40 358.83 385.28

22. 462 24. 271 25. 929
SI>[CIR[N R[SISTANC£

I. 3090-004

TH[R_IAL CONDUCTIVITY DATA IrOR ARI_O IRON(2A) 20 liAR 69 1200 NOON
12G3105 15.1210 -0.00 673.0 24.0 -0.0
188.06 200.57 212.93 225.14

0.84 200.00 26.05
TH[RflOCOUPL[ T[RPIERATUCt[S

15.983 16.723 17.438 18.139
H[ATER POI4ER P.£F'EI_NC[ TEIqI:qERATUR[

1.6573-002 4. 083

27.501

1.0
25(;. 24 247.37 257.94 267.77

18. 796 19. 438 20. 043
51_C I RF._ RI[SI STANC[

1.3025-004

20.627

12RAJ_, 69 540 PM
25.0 1.0 2.0

85.41 94.39 104,71

TH[RRAL CONDUCTIVITY DATA fOR ARIICO IRONI2A)
1433200 14.8850 110.03 649.0
23.33 35.79 48.24 60.57 72.00

1.82 200.00 26.28
TH[RI_IOCOUPL[ T[MP[RATU_S

21.188 21.904 22.625 23.339
H£AT[R POI4[R R[r[R[NC[ T[IqI_RATUR[

2.1333-002 19.8_

24.018 24.682 25.318
SP(C ll'lCN R(SISTANC[

1.3140-004

25.937

TH(RffAL CONDUCTIVITY DATA fOR ARleCOIRONI2A)
2022330 21.0000 111.79 649.0

50.57 81.15 103.20 t24.72 144.72
5.37 200.00 26.58

TH[RtIOCOUPL[ TERP[RATUR[S
23.316 24.648 25.938 27.199

H[AT[R POM[R R[rER[NC[ T[NI_RATUR[
4.2469-002 1_.932

13 _ 69 1015 MI
25.0 1.0 2.0

164.32 182.98 200.74

28.391 29.549 50,649
SP(CIP(N R[SlSTJJtC[

1.3290-004

31.719

22



Table 4 (Cont.)

THERIqAL COM)UCTIVlTY DATA FOR
289G500 30.0000 17492.50
856.10 994.12 953.57 1012.94

263.21 100.00 137._

TH[RFIOCOU_[ TEIqlI)[RATURI[$
233.947 256.58S 239.285 241.973

HEATER POMER REFERENCE TERPERATURE
8. G895-002 195. 473

,IRI'ICO IRON(2AI 27 _ 69 445 PI_
624.0 24.0 1.0 4.0

1071.74 1130.79 1190.16 1250.6.3

244.t;41 247.312 249.995
SI>[C IR[N RESISTANCE

1.3756-003

252. 724

THERPIAL CONDUCTIVITY DATA FOR ARtICO IRONI2A) 3 APRIL 69 430 PM
2878900 29. 8200 25486.20 620.0 25.0 1.0 5.0

60.32 121.!9 182.76 244.43 306.20 368.06 430.24 492.86

245.31 100. O0 173.34
THERI_COUI_,..[ TEIC:_RATURES

275.998 278.715 281 °4£4 284.218 286.975 289.737 292.513 295.309
HEAT£R POlaR REF£RENC£ T[N:_IbITURE Sl_Cltf.N RI_ISTANCF

8.584G-002 273.298 I . 7334-003

THERMAL CONDUCTIVITY DATA FOR ARI'tCO IRONI2A) 4 MaRIL. G9 920 M'I
2896200 30. 0000 25510.00 G28.0 25.0 1.0 5.0

60.90 t22.44 184.73 247.11 509.60 572.20 435.15 498.55
247.90 t00.00 173.69

THERPlOCOUPL[ T[MPI[RATUR[S
276.257 279. 005 281.786 284. 571 287.361 290.156 292. 966 295. 797

HEATER POlaR REFERENCE: TEI'IPERATUR[ SI_CII'IEN RE.SISTANCE:
8. G886-002 273.525 I . 7569-003

23



Table 5. Basic semi-processect :sotherJ_al e]ectricat resistivity

data for _rmco iron, specimen 2a.

ISOTI_RRAL RESISTIVITY Dill FOR /LI_ICO IRON 12A) 19 _ G9 230 PN
-0.00 665.00 24.00 -0.00 1.00 200.00 25,83

REFFF_NC[ TEIqlI_RAT_It:[ ST_CII'I[N RESlSl'il_tr S'P[CIlI_ TDqPERATUR[
4. 071 1.2915-004 4. 152

0.75

ISOTH[RNAL R[SISTIVITY DATA FOR ARNCO IRON (2A! 12 MAR 69 445 PM
109.6,? 649.00 23.00 1,00 2.00 200.00 26. I0

REFERENCE T[I'IPERATUI_[ SPECIN[N RESISTANC[ $1_CIII[N TEI'II_RATtJR[
19.815 1.3050-004 19.818

0.09

ISOTH[RNAL RESISTIVITY DATA FOR ARNCO IRON (2A} 7 NAR 69 125 PM
4641.7q5 64_.00 23.00 1.00 3.00 I00.00 25.58

REFERENCE TEI'IPERATUR[ SI_CIIqEN RESISTANCE SPECIW.N TENPERATURE
75.951 2.3580-004 75,934

0.05

ISOTHERflAL RESISTIVITY DATA FOR AR:MCO IRON 12A} 8 MAR 69 1020 AM
4702.60 643.00 25.00 1.00 3.00 200.00 54.44 141.37

REFERENCE TENPERATUR[ .._[CINEN RESISTANCE SPECIN[N TENPERATUR£
76.48t5 2.7220-004 8¢.195

ISOTHERffAL RESISTIVITY DATA FOR ARtlCO IRON (2A) 11 NAR E9 1055 AM
4859.10 665.00 24.00 1.00 5.00 200.00 109,88 1034.62

REFERENCE TEMPERATURE SPECIMEN RESISTANCE S'P[CI_ TEI'IPERATUR£
77.907 5.4940-004 131.684

ISOTI_RNAL RESISTIVITY DATA FOR ARNCO IRON (2A) 23 NdR 69 730 PM
17207.00 652.00 25.00 1.00 4.00 200.00 196.01

REFERENCE T[NPERATUR[ SPECINEN RESISTANC£ SI_CIMF_ TENP[RATUR[
192.734 9.8005-004 192.760

0.57

ISOTH[RNAL RESISTIVITY DATA FOR ARMCO IRON {2At 2 APRIL 69 d15 PM

25477.80 624.00 26.00 1.00 5.00 _00.00 162.50
REFERENCE TErIPERATURE SPECINEN RESISTANCE SPECIPf.N TEN:bERATURi.

275.206 I.G250-003 273.215

0.22
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"Iabitz iS. _asic s_nli-processcd tcmperatL_re gradient data

for Armco iron, speciz_en 4.

TI4ERtqAL COND_TIVITT DATA for ARIqco IRONI4)

1 c_2030 19.9400 4655.41 644.0
45.40 62. O0 78.90 95.80

55.32 200. O0 52.72
TH[RlqOCOUPL[ TEN>I[RATURI[$

78,52'5 79.454 80._7 81.276
H[ATI'R POlaR RI[r[RI[NC[ T[I'II_RATU_

_. 8325-002 76. 037

11D_C68 1140AI_
22.0 I .0 3.0

112.82 129.86 146.96 164.28

82. 202 83. 124 84. 052
SPEC IM[N RESISTANCE

2.G_0-004

84.986

TI_RIqAL. CONDUCTIVITY DATA FOR ARtICO IRONI4_ 11D[C68 540PH
3._9920 34.9500 4657.94 636.0 23.0 1.0 3.0
180.11 235.75 288.93 344.72 401.42 458.72 516.92 576.13

218.50 200.00 67.46
THERIqOCOUPL[ TEIqPERATUR[S

85.882 88.762 91.707 94.665 97.655 100.657 103,692 106.759
H[ATER POlaR R[rCR[JqC[ TE,q:_RATUI_ SI_CI_ RI_ISTANC[

1.1778-001 76.078 3.3730-004

THI_.RrIAI. CONDUCTIVITY DATA F'OR ARtICO IROt114;
53013_ 54.9500 4692.75 6_G. 0
477.40 622.71 774.73 950.44

734.22 200.00 108.19
THCRIqOCOUF_r T£1'I_RA TUR[S

101.954 109.460 117.232 125.095
Ht[ATrR POIkI[R R[FTR[NCr TrHI_RATUR[

2.91 31-001 76. 395

12 D[C 68 1130AM
21.0 1.0 3,0

1090.42 1253.67 1420.97 1592.19

133.085 141.150 149.3.T_
SPECII_NR[SISTa_IC[

5.4095-004

157.630

THERNAL CONDUCTIVITY DATA FOR ARNCO IRONI4t
72591 O0 715. 0000 4792.45 653.0

1467.10 1786.68 2122.80 2467.42
1636.76 200. O0 223.17

THI_RI_OC_II_.[ TFIqPERATUR[S
152.379 167.752 183.675 199.786

H[ATIrR POId[R Rrr[l_Ncr TENI_RATUR[
5.4293-001 77.302

13 DEC 68 915_

25.0 1.0 3.0
2821.28 31%3,34 3554.75 3935.23

216.138 232.694 249.537
SI_Cltf.NRI[SIST,IU_[

1.1159-003

266.661
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Table 6 (Cont.)

TH(ImAL CONDUCTIVITY DATA row A/U_co IRON(4)
7249400 75.1000 4807.35 KS. 0

2475.63 2824.80 3191.90 _-JI;5.48
1597.G0 200.00 $05.4£

TH[RROCOUPLr TL'Iq_RATURES
200.283 216.414 233.19e _0.132

H(ATER POi4(R REFERENCE T[MPI[RATUR(
S. 4443-001 77. 437

13 DEC 68 855P_
23.0 1.0 3.0

3947.07 43_.84 4734.08 5140.98

287.304 284.703 302.485
SP(CIMFJ_ RESISTANCE

1.5273-003

320.650

THERMAL CONDUCTIVITY DATA FOR ARPICO IRON(4J
4114970 42.6300 17179.60 621.0
227.50 338.91 453.24 568.14 684.31

534.88 200.00 241.62
TH(RFSOCOUPLE TEPI_RATUR[S

203.059 208.216 213.488 218.758
H[ATER POlaR R£FERICIqCE TEPIPERATUR£

1.7542-001 192.471

lgOEC 68 500P_
22.0 1.0 4.0

801.22 919.39 1038.88

224.090 229.429 234.810
SECIEN RESISTANCE

1.2081-003

240.238

THERHAL CONDUCTIVITY DATA fOR ARtICO IRONI4)
G274450 GS.0000 17299.90 &21.0

1005.08 1279.57 1_1:_5.42 1854.G_G 2149.00
1149.44 200.00 348.82

TI_Rt_OCOUPLE TEHPERATUR£S
239.825 252.247 265.105 278.073

H_AT[R POldER REFERENCE T[FIPERATUR[
4.0784-001 193.625

20DEC 68 I025AM
21.0 1.0 4.0

2446.90 2750.30 3059.00

291.214 304.515 318.060
SPECIlI[N IESISTANCE

1.7441-003

331.843

THERMAL CONDUCTIVITY DATA fOR ARIqCO IRON(4)
507r-JGO0 52.5800 17290.80 620.0
630.10 804.70 985.10 I166.90 1351.14

794.32 200.00 290.30
TH[RfIOCOUI_E TEIqPERATUR(S

222.554 230.628 238.835 247.070
H_AT[R POlaR REFERENCE TEHF_RATUI_

2.6688-001 193.537

20D£C 68 340PM
21.0 1.0 4.0

1536.93 1725.25 1916.18

255.385 263. 742 272. 191
SlPECllq[N RESISTANCE

1.4515-003

280. 736
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Table 6 ICont.)

TH[RflAL CONDUCTIVITY DATA FOR kqtICO IRONi4)
40447(; 4.2000 -0.00 (;55.0
1 7.57 20.46 23.52 26.60

-0.03 200.00 26.06
TH[RlqOCOUPLIr TEI'IPI[RATUR[S

5.513 5.541 5.760 5.972

H[AT[R POlaR REIr[R:I[NC[ TIrRI_RATUR[
1.69e8-003 4. 055

IG DEC (;8 11._5 k'_
23.0 -0.0

29.29 3,?..21 35.13

6.1 79 6. 379 6. 572
SPEC ]II[N RESISTANCE

I. 5030-004

TH[RffAL CONDUCTIVITY DATA If'OR ARt_O IRONI4) 16 DEC 68
712555 7.4000 -0.00 654.0 24.0
40.55 48.39 55.02 63.42 70.15 76.91

O. OG 200. O0 26.09
TH[RI'IOC OUPLIr T[MP[RATUR[S

G. 940 7. 482 7.982 8. ¢55
H£ATIrR POM[R REFERENCE TIrMI_RATU_

5. 2713-003 4. 054

1225,PH
-0.0

83.48

8.901 9.524 9.727
SP£C ! MEN RES! $TANCI:"

I. 5045-004

T/._RMAL CONDUCTIVITY DATA FOR ARtICO IRONI4)
1102950 11.4600 -0.00 655.0

90.17 104.58 117.90 150.75 142.61
0.31 200.00 2G.14

TH£RROCOUPL[ T[I'IP[RATURI[S

10.137 11.021 !! .855 12.597
H£AT[R POI,_R REF'F'RENC[ T[III_RATUI_

1 • 2GAO-OOZ ¢. 053

16 DEC G8 150PN
24.0 -0.0

154.17 165.50

13.514 15.991 14.65(;
SP[C II'IEN RESISTANCE

I. 30 70-004

TH£RMAL CONDUCTIVZTY DATA FOR AR,qCO |RONCA_
404467 4.2000 -0.00 G54.0
17.78 20.81 23.93 27.07

-0.02 200.00 2G.OG
TH[RHOCOUPL[ TEI'IPERATUI_$

5.330 5.558 5.79t 6.007

H[ATER POM[R REFERENCE TEHPERATUI_
1.G988-003 4.054

16 DEC 68 505PPI
24.0 -0.0

29.79 52.76 .55.

6.215 6.418 6.G09
SP[CIIIEN RESIST,t_[

1.5030-004

G. 7GG

10.I18

15. 258

6.800

Z?



Table (j (Cont.)

THEI_qaL CONDUCTIVITY DATA FOR _qCO IRONI4t
197329e 20.5000 -0. O0 554.0
200.92 250.19 257.34 282.63

2.68 200.00 26.44
TH(RfqOCOUPL( TrlqPERAT_[5

16.710 18.421 I g. 993 21,455
H(AT[R POI4[R R(F[I_NC[ Tr_TUR[

4. 0453-002 4. 054

16 D(C 68 540PPI
23.0 -0.0 1.0

306.01 328.25 349.51 .569.68

22.829 24.124 25.361
SPEC IP(N RESISTANCE

t. 3220-004

TH[mqAL CONDUCT lVl Tlr
1975298 20.5000
201.11 250.50 257.74 283.13

2.72 200. O0 26.44
TH(RIqOCOUPt[ Tlrlg_RATUR[S

16.721 18.439 20.016 21.484
H[ATER POlaR RErG'RIENCG' TF'NI_RATUR[

4. 0455-002 4. 054

2G._0

DATA FOR _lCO IROfll4t 16 D(C 68 600PM
-0.00 654.0 23.0 -0.0 1.0

306.70 328.90 350.22 370.46

22.870 24. 162 25.403
SPEC I MF.N RF.S! STANCIr

1.3220-004

26.606

TH(RNAL CONDUCTIVITY DATA FOR ARNCO |RONI4) 16 D[C 68 655PM
1386400 14.4050 -0.00 654.0 25.0 -0.0 1.0
146.98 164.66 181.48 197.47 212.33 226.66 240.45 253.44

0.73 200.00 26.24
THERNOCOUPL( TEI'IPERATUR£S

13.557 14.608 15.589 16.512 17.389 18.216 19.007 19.775
H(AT[R POI,(R R[F[R[NC[ T(I'II_RATUI_ SI_C]II[N RI_ISTANC(

1.9971-002 4.054 1.3120-004

17D(C68 1140AN

23.O 1.0 2.0
50.39 54.87 59.34 63.47

TH(RIIAL CONDUCTIVITY DATA FOR ARNCO JRON(4t
869115 9.0300 110.56 654.0
32.21 36.70 41.39 46.06

0.49 200.00 26.45
TH[RIqOCOU_E TEI'IP[RATUI_S

21.713 21.986 22.256 22.522
H[AT[R POi4[R R£rERENC( TENP(RATUR(

7.8481-003 19.865

22.785 23.044 23.297
SPECIlI[N RF..SISTA_C(

1.3225-004

23.551
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Table 0 (Cont.)

THI[RflAL CONDUCTIVITY DATA FOR A/_ICO IRON(4I
1250400 12.9900 110.86 65.5.0

62 .r'_ 71.31 80.14 88.85
I .41 200.00 26.60

TH(MIOCOUPL( Tr'I'I_RATURF.S
23.496 24.021 24.535 25.039

HI[ATER POI.(R R:[FCR:I[NC[ TEIqP[RATUR[
1.6245-002 19. 881

171)(C68 115Pt_
23.0 1.0 2.0

97.15 105.37 113.61 121.38

25.537 2£.017 26.494
SPECIMEN RF..SISTANCE

1. 3300-004

THEImAL CONDUCTIVITY DATA FOR A/_CO IRON(4)

2211800 22.9700 111.59 653.0
129.90 153.78 177.13 199.70

8.60 200.00 27.30

TH[RINXOUPLE TENP[RATUR[$
27.491 28.914 30.295 31.632

HI[ATIr'R POI4[R R[F'(RI[NC[ T[III_RATUR[
5. 0805-002 19. 921

26. 964

! 70£C68 230P1_
23.0 I .0 2.0

221 . 34 242.44 263.27 283.47

32.934 34.192 35.431
SP(C Ir(N RESI STANCIr

1 ..%50-004

.%. 655

t 70(CE8 455P_t
23.0 1.0 2.0

530.87 587.49 645.15 703.60

THI[RIIAL CONDUCTIVITY DATA fOR ARIICO IRON(4)
5816900 39.6100 113.55 653.0
300.91 359.37 4t7.23 474.16

77.53 200.00 32.00
T I.l(RIIOCOtd_[ TIr'MP[RATUR[S

37.794 41.316 44.772 48.148
H[ATIrR POM(R RErrR:ENCr TEIIP[RATUR[

1.511 9-001 20. 027

51.501 54.807 58.139
SP(ClI'(N I_$1STANC(

1.6000-004

61.507

TH[RfIAL CONDUCTIVITY DATA FOR ARJICO IRON(4)
4648820 48.2200 117.32 653.0
658.00 724.70 815.35 908.42

282.46 200.00 48.53
TH[RI'IOCOUPL[ TEIIP[RATUR[$

57.922 62.903 68.026 75.216
H[AT£R POM[R REFERENCE TEIII_RATUR[

2.2417-001 20.226

18D[C68 1150Att
22.0 1.0 2.0

1004.10 1102.30 1204.40 1309.75

78.500 83.843 89.327
SI_CIIIEN RF.SISTANC[

2.4265-004

94.938
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Table 7. Basic semi-proccss¢_d isothermal electrical resistivity
data for Az'mco iron, specimen 4.

ISOTHERMAL I_SISTIVITY DATA FOR ARIICO IRON(4;
-0.00 653.00 23.00 -0.00 1.00

REFERENCE TEMPERATURE SPECIMEN RESlSTAJqCr
4. 053 1. 3050-004

16l)(CG8 IOSOAM
200. O0 26. OG

SP(C IW.N TEPIPERATLm(
4.394

4.28

ISOTHIEReIAL RESISTIVITY DATA FOR ARIICO IRON(4J
-0.00 554.50 24.00 -0.00 1.00

REIrERENCE TEMPERATURE SPECilUI[N RESISTANCE
4. 055 I . 3050-004

IGI)ECG8 IOOPPI
200. O0 25. I 0 81.83

SPEC liEN TEMPERATURE
9.69G

ISOTHERf'I/_. RESISTIVITY DATA F'OR ,IN'ICO IRONI4) IGDEC68 155011

-0.00 G55. O0 24.00 -0.00 I .00 200.00 2G.20 183.83
REF'EI_NCE TEMPERATURE SPECIMEN RESISTA,qC( SPI[CIlIEN TEMPERATURE

4. 053 1 . 3100-004 15.78G

ISOTH(RflAL IESISTlVlTY DATA FOR ARMCO IRON(4) IGDECG8 700PM
-0.00 G54. O0 23.00 -0.00 1.00 200.00 26.33 257.60

REF'ER£NCE TEIqPERATUR£ SPECIPI_ I_SISTAI_E SP(CIlI[N T(JqPICRATUR£
4. 054 t. $165-004 20. 069

ISOTH£Rt_AL RESISTIVITY DATA F'OR ,tRIqlCO IRONI4)

110.22 653.50 23.00 1.00 2.00
RlrlrERENCE TEMPERATURE SPEC ll'lEN RESISTANCE

19.84G I. 31GO-O04

171)ECG8 1045k'q

200.00 26.32
SPEC II'(N TF,YlPERATURJE

19.878

0.55

ISOTHERflN. RESISTIVITY DATA F'OR kl_ICO IRON(4)
111.82 653.00 25.00 1.00 2.00

REirERENCE TEMPERATURE SPEC IIq[N RESISTMICE
19. 923 1. 3355-004

17DECG8 140P1'1
200.00 26.71 11G.83

SI_C II'(N TEI'Ff.RATU_E
2G. 745

ISOTI(RflAL RJESISTIVITY DATA FOR ARNCO IRONI4)
113.58 653.50 23.00 1.00 2.00

RErEI_NCE TEIqPERATUR( SPECIH(NRESISTAJqCE
20.028 1.3915-004

171)EC68 25,_oM

200.00 27.83 269.55
S_Cil'I_ T_IP(J_T'JRE

35.938

ISOTI_RFIAI. IESISTIVITY DMA fOR ARFICO IRON(4) 171)EC68 530P_
117.54 653.00 23,00 1.00 2,00 200.00 34.06 593.61

RErERI[NC[ TEMPERATURE SPECIIIEN RE.SISTANCE SI_CIIqEN T[IIPI[RATUI_
20.237 1.7030-004 55.386
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Table 7 (Cont.)

ISOTHEIIIIUL RESISTIVlTT DATA IroR aJ_l'lCO IRON(4)
117.92 I;55.50 22.00 1.00 2.00

R£FrR(NC[ T[lqP(RATUIt( SPl[Cllq[Jq I_SIST_ICr
20.2T;7 2.4295-004

1BiME2C1;I250PM
200.00 411.59 978.12

SPEC IP[N TEF_EJ_TURE
77.113

|SOTHEI_AL RESISTIVITY DATA FOR _qt_O IRONI4/
41;04.18 1;50,00 23.00 1.00 3.00

REF[RENC( TERP(RATURE SPECI_ RESISTM_C[
75.589 2. 3775-004

t 01_C1;8 620P_
200. O0 47.55

SPI[C I _J_ T[JqP(RA TURE
75. 758

2.71

ISOTHERMAL RESISTIVITT DATA FOR M_ICO IRONI4)
41;58.02 1;56.00 23.00 1.00 3.00

REFERENCE TElqP(RATURE SPEC|M[N RESIST_qCE
76. 079 2. 7600-004

1IDEC68 143Pn
200.00 55.20 151.78

SPECIMEN TEPPEAMVRE
84.560

ISOTHERI_AL RESISTIVITT DATA FOR MIIqCO IRONi4) 11D[C1;8 IO00PPI
4G89.53 &56.00 22.00 1.00 3.00 200.00 69.23 402.76

REFERENCE TEIqP(RATURE SP(CIIq(N RESISTk'qCE SP(Cllq[N T_PI_ATUR[
7G. 564 3.4615-004 98.003

ISOTHERPIAL RESISTIVITY DATA FOR ARIICO IRONI4)
4766.59 1;56.00 24.00 1.00 3.00

IEFERENCE TrlIP[RATURE SI_CIIqEN RESISTANCE
77.01;7 G.3810-004

12D[C1;8 445Pn

200.00 127.62 1302.1;1
SP(Cl_ TEHPERATUR[

144.158

ISOTHEI_AL RESISTIVITY DATA FOR JtJ_HICOIRON I4)
4808.22 G66.00 24.00 1.00 3.00

R£FER[NCE TEflPERATUR[ SPECIIq(Jq RESISTA_IC(
77.445 9.8250-004

13D(C68 510Pn

200.00 196.50 2293.19
SF_.C|HEN T_T_

191.793

ISOTHEt_tAL RESISTIVITY DATA FOR kqHCO IRON(4)
17156.40 1;21.00 22.00 1.00 4.00
REFERENCE TEMPERATURE ST_CIIq_q RESISTANCE

192.249 9.8900-004

Ig0[C1;8 145PM
200.00 197.80 19.11

S_C|FI_ TEN_ERAT_
193.141

ISOTHERIqAL RESISTIVITY DATA FOR ARI_O IRONI4)
17290.00 1;21.00 22.00 1.00 4.00
REFERENCE TEIIPERATUqR£ SPECllqr.Jq Rr_SISTANC(

195.550 1.5052-003

19l)EC1;8 620F_
200.00 21;0.64 866.01

SPECIMEN T[lqPERATUI_
253.413
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Table 8. Parameters in eqs. 1,2, and 3 for Armco iron, specimen 2.

COCFrlC IfJ_T$ r_
TH[ImaL

CONDUCTIVITY
4.51614994,000

-4.139269.55,000
2. 0759988S+000

-8.61604;749-001
3. 59315_1-001

-9.99_JU12-002
1.79_k_ogG4-O02

- 1. 71155124-003
6._070951-005

[L[CTRICN.
RESISTIVITY

-4.95025810-007
!. 654173920--006

-2.3709N06-006
1. g3668635-006

-g.g3191337-O07
3.3139e468-007

-7. 18946352-008
9. 77121499-009

- 7.54546890-010
2. 52377946-011

TH[/m0PON[R
-3.44881675*002

2.3791 M33,003
-6.68.54;4 762.005
9.99411766*003

-8.67747098÷003
4.46576537÷003

-1. 32173829+003
2.08103179+002

- t. 3S4_. S)89+001

Table 9. Parameters in eqs. 1,2, and 3 for Armco iron,

CO(Irlr I CIENT$ IrOR
THE:I_L_M. ILl CTRI C_.

COWD_T IVl TT RESISTIVITT T_OI(R
7.43800_10÷000 -4.20510751-007 -5.10933863*002

-1.14675S_*O01 1.450ii1937-006 3.._k[_12410.003
g. 73124560.000 -2. 12826875-006 -g. OG60SNI24*O03

-5.28250471*000 1.77_6602-006 t.30552541,004
1.89245802*000 -9.25249389-007 -I. 09917641,004

-4.41102771-001 3.13228379-007 5.52800895*003
G. 3797_155-002 -6.87884712-008 - 1.61455399+003

-5.17020759-003 9.44600166-009 2.52509423,002
1.78835874-004 -7. $5822503-010 - 1.63749922,001

2.47951058-011

specimen 2a.

Table 10. Parameters in eqs.

CO(Irlr l CI[NT$ IrOR
TH[I_

CONDUCTIVITY
8.2122_100.000

- 1. _2S7722_1"001
1. 147_8701.001

-{;.21771;147*000
2.19527810.000

-5.01619108-001
7. 10720281-002

-5.6494072S-003
1.919_5267-004

l, 2, and 3 for Arrnco iron,

[LECTR'! CAL
RESISTIVITT

-5.03088441-007
1.6MI_1_51-006

-2. 427331111-006
1. ge402296-006

-1.01 722378-006
3. 39158Td59-007

-7. _50M919-008
9. 97927431-009

-7.69854134-010
2.57278514-011

-6.4294M44.002
4.14540157÷003

-1. 09289158*004
I .54381780*004

- 1.27838650*004
£. M295244"003

-I. 8_5r.286.003
2. 84809534*002

- 1.83820643*001

specimen 4.

These parameters are listed in E format. This format is

illustrated by the following example: 1.788-004 = 1.788 × l0 -;
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Table 11 Thermal conducticity deviations for Armco iron, specimen 2.

THtRIqAL CONDUCTIVlTT
Iq[AN T[IqP(RATUR(

TEIqP(RATUR:( Dlrr[IqF.NC[

94.02_ :5. 779
97.1_3 3.874

101.738 3.896
105.653 3.933
109.598 _. 958
113._ 3.978
11 7.573 4. O_

DATA ItOR a.qMCOIRON(2; 28AUG68 G25 PM
OeSDt_.D CALCULAT[J) PI[.J_(NT
T_ TH[mqi_ DI[VIAT ION

CONDUCTIVITY CONDUCTIVITY
9.86*001 9.88*001 -0. Z
9.59"001 9.75*001 -1.5
9.55.001 9.G0+001 -0.5
9.45.001 9.47.001 -0.2
9.41.001 9.$5+001 0.£
9.56.001 9.24.001 1.3
9.24.001 9.14*001 1.1

TI,_RJI'q;_.CONDUCTIVITY DATA fOR AiltJqCOIRON(2; 29AUG68
Pq[_ TDqPI_AT_IE 06S[RVI[D

TEI'IP[RATUI_ DIrKERENC[ THERR/¢
CONDUCTIVITY

122.304 12.559 9.09÷001
135.081 12.996 8.76.001
148.177 13.194 8.64.001
1GI.479 13.410 8.49"001
174.970 13.572 8.41"001
188.£_ 13.75g 8.29+001
202.525 14.020 8.15.001

11454J4
C,M.CULATED PI_CEJqT

tH[lmaL DEVIATION
CONDUCTIVITY

9.03.001 0.7
8.79.001 -0.2
8.£0+001 0.5
8.4G*001 0.4
8.35.001 0.7
8.25.001 0.5
8.16.001 -0.2

TH(RIUL CONDUCTIVITY
I'_U4 TEIqPERATUI_

TD_P[RATU_ DIffERENCE

175.658 27. 946
204. IG2 29. 062
235.544 29.701
2G3.598 50.409
294. 329 31. 053
325. 769 31.827
358.141 32.917

DATA F'OR AJ_ICO IRON(2;
OBS(RV[D
TH[RJ't_

CONDUCTIVITY
8.27.001
7.94.001
7.77*00 !
7.58* 00 I
7.44.001
7.26.001
7.03.001

50AUG68 lOOaJ_
CkI.CULATED PF.RCENT

TH[m',_ DEVIATION
CONDUCTIVITY

8.34.001 -0.9
8.15.001 -2.7
7.95.001 -2.3
7.72"001 -1.9
7.47.001 -0.4
7.23.001 0.3
7.06.001 -0.5
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Table Ii (Cont.)

TN[RRAL CONDUCT|ViTT
R[AN T[IqP[RATUR[

T[RP(RATU_ DIFF£R[NC[

5.119 0.219
5.358 0.217
5.548 0.204
5. 748 O. 19&
5. 959 O. 186
6.119 0.173

6.292 O. 172

DATA fOR ARgO |RON(2) 30AUG&II 220PR
OeS[IRVIED CALCULATED PI_CENT

T_ T_ D(V|ATIO_I
CONDUCTIVITY CON)UCTIVITT

1.83,001 1.80,001 1.7
1.84,001 1.89+001 -2.7
1.96*001 1.98*001 -1.0
2.04.001 2.0£.001 -1.3
2.15+001 2.14*001 0.4
2.3t.001 2.21.001 4.2
2.32,001 2.28,001 1.8

TH[RRIJ. CONDUCTIVITY

TFRPIERATUR[

DATA FOR
T[RPIERATUR[
DIFFERENCE

7.51 7 0.651
7.947 0.610
8.556 O. 5G8

9. 084 O. 528
9.592 O. 488

I O. 061 O. 449
10.502 0.433

A/_ICO IRONI2t 30AUG68 350P_

OeS[RVlED CALCULATED P_C(NT
THERMAL THERRAL D(VIATION

CONDUCTIVITY CONDUCTIVITY
2.64÷00! 2.67*001 -I.2
2.8t_001 2.91÷001 -3.3
3.02÷001 3.12÷001 -5.1
5.25"001 3.31"001 -2.1
3.52÷001 3.50÷001 0.8

3.82_001 5.6&*001 4.2
3.98.001 5.82÷001 3.9

TH(RRAL CONDUCTIVITY DATA fOR
_AN T[IIP[RATUR[

T£RPERATUR[ DIFF£R[NC£

11.805 O. 938
12.717 0.885
13.5"_ 0. 831
14. 585 O. 78£
15. t56 0.721

15.853 O. &72
1G. 495 0.652

ARIICO IRONI2) 30AU_68 G3OPP!
OBSERVED CALCLCATED P£RC£NT
THERNM. THERRN. DEVIATION

CONDUCTIVITY CONDUCTIVITY
4.27÷001 4.28÷001 -0.2
4.52÷001 4.61÷001 -1.9
4.82÷001 4.92÷001 -2.0
5.09.001 5.21_001 -2.3
5.56÷001 5.48"001 1.5
5.96÷001 5.73.001 3.9
&.16_001 5.97.001 3.2
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Table 11 (Cont.)

TH[RIqLkLCONDUCTIVITY
IIEAN TENP[I_TUR[

TEIqI_RATUI_ D I rrEREN(:(

18.516 I .796
20.255 1.681
21.881 1.570
23.405 I. 478
24. 826 1. _55
26.147 I. 277
27.409 1.247

DATA FOR AII_NCOIRONI2! 30AUG£8 7101_q
Oe_V[D C_CUI.AT[D
TH(_ TH[I_

CONDUCTIVITY CONDUCTIVITY
G.E4*001 G.67*001
7.09_001 7.26*001
7.60"001 7.78.001
8.06.001 8.24*001
8.75.001 8.G5.001
9.35"001 9.00.001
9.59.001 9.S2.001

PEAC[NT
DEVIATION

-0.5
-2.4
-2.4
-2.3

1.2
3.7
2.8

TH[RIqAL CONDUCT|V|
N(AN TrPiI_I_TUR[

T[IqI_RATUI_ D!r r[R(NCE:

TY DATA FOR

2S.334 0.413
23.744 0.407
24.151 0.409
24.554 0.597
24.945 0.584
25.32S 0.573
2_5.691 0.564

ARNC0 IRONIZ) $S[PT68 347PM
OeSF..RV[D C_CULATF.D
THEI_q_ THc.qJqAL

CONDUCTIVITY CONDUCTIVITY
8.10.001 8.22÷001
8.21.001 8.$4.001
8.18.001 8.46÷001
8.41.001 8.57.001
8.72.001 8.68÷001
8.98.001 8.78.001
9.20.001 8.88.001

F_.RC[NT
DEVIATION

-1.6
-1.6
-3.5
-2.0

0.4
2.1
3.4

TH[RMAL CONDUCTIVITY
Iq[aJq TENP[RATUR[

Tr'NPERATUP.[ D! r rEP.[NC[

3(;. 870 2. 774
39.637 2. 758
42.3_E; 2.700
45. 038 2. G4S
47.65S 2.586
SO.21 7 2.542
52. 769 2.563

DATA FOR ARIICO IRON(Z) SS[PT68 S05PN
O_V[P CALCULATEJ)
TH[I_NAL THr_qJq_.

CONDUCTIVITY CONDUCTIVITY
1.09_002 1.10.002
1._0÷002 1.12.002
1.12.002 1.14.002
1.15.002 1.15.002
1.17.002 I.t6.002
1.19.002 1.16.002
1.19÷002 1.16.002

PERCENT
DEVIATION

-0.1
-2.2
-1.6
-0.£

1.3
2.8
2.3
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Table iI (Cont.)

TH[RHN. CONDUCTIVITY DATA fOR MIqco IRON(2) 4S[PTG8 120PH
Iq[AN T£IqP_ATUI_ OBS[RV[D CALCULAff.D

TEIqP[RATUI_ D|rF[I_NC[ TH[Nq_. TH[NqiAL
CONDUCTIVITY CONDUCTIVITY

51.N4 5.099 t.16,002 1.1G*002
57.146 5.224 1.13,002 1.15,002
62.402 5.288 1.12.002 1.13.002
G7.732 5.372 1.10,002 1.11*002
75.149 5.461 1.08÷002 1.08*002
78.649 5.539 1.07,002 !.06,002
84.27G 5.715 1.04,002 1.03.002

TH[RlUL CONDUCTIVITY DATA for ARIICO IRONI2; 4S[PTG8 430PH
Iq[AN T[_ATUI_ OBS[RVI[D CALCULAT[D

T[IqPI[RATLJRI[ D|rr[ll_NC[ TH[RfIAL TH[RIqAL
CONDUCTIVITY CONDUCTIVITY

2G.822 1.496 9.14,001 9.17,001
28.505 1.470 9.28"001 9.53"001
29.751 1.421 9.6t'001 9.84*001
31.148 1.373 9.93,001 1.01,002
32.492 1.316 1.04,002 1.04+002
33.774 1.247 1.10"002 1.06"002
35.019 1.244 1.10,002 1.07,002

TH[RIqAL CONDUCTIVITY
MEAN

TEN_t[RATUR[

78.252
80.278
82.328
84.386
86.a52
88.521
90.602

DATA FOR ARHCO
TEmPI[RATUR£
DlrrERI[NC[

2.003
2.048
2.053
2.064
2.069
2.068
2.094

IRONI2; 27AUG68 I_M
OeSF.R_F.J) CALCULAT[D
TI4[ftJ_N. TH[RI'UM.

CONDUCTIVITY CONDUCTIVITY
t.05,002 1.06,002
1.03,002 1.05,002
1.03,002 1.04*002
1.02,002 1.03,002
1.02.002 1.02.002
1.02.002 1.01*002
1.01.002 1.00.002

PERCENT
D[VIATION

0.1
-1.7
-1.2
-0.8

0.1
1.1
0.£

PERCENT
D£VIATION

-0.4
-2.7
-2.4
-I .8
0.4
3.7
2.4

PERCENT
D£VIATION

-0.5
-2.0
-I .2
-I .0
-0.1

0.8
0.6
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Table ii (Cont.)

TH[RHAL CONDUCTIVITT
el[AN TEHI_RATLd_[

TEIqP[RATLJI_ DlrrERI[NC£

20&.823 5.222
212.090 5.512
217.401 5.511
222.737 5.559
228.104 5.575
233.494 5.404
238.92& 5.4GI

DATA fOR AitJ_O IRON(2) GSiEPTG81150A,'Ul
OeS[RVIED CALCULATED lUERCENT
THI[RI',AL T_ DEVIATION

CONDUCTIVITY CONDUCTIVITY
8.25÷001 8.13,001 1.4
8.09+001 8.10_001 -0.1
8.10÷001 8.07_001 0.4
8.02÷001 8.03¢001 -0.2
8.01_001 7.99_001 0.2
7.97.001 7.95+001 0.1
7.89+001 7.91+001 -0.5

THEReIALCONDUCTIVITY DATA fOR ARJqCOIRONI2)
IqEAN T£PIPERATUI_ OBS[RV£D

TEMPCRATUI_ DIffERENCE THIERPIAL
CONDUCTIVITY

233.559 12.173 8.08+001
245.889 12.487 7.8G+001
258.409 12.554 7.82+001
271.078 12.783 7.67+001
283.913 12.887 7.G3÷001
29G.899 13.084 7.51÷001
310.118 13.354 7.37÷001

7SEPTG8 430 PM
CALCULATED
THERI'I,M.

CONDUCTIVITY
7.95+001
7.8G+001
7.77+001
7.66+001
7.5£+001
7.45÷001
7.35+001

PERCENT
DEVIATION

1.g
-0.1
0.8
0.1
1.0
0.8
0.3
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Table i2

R[AN
T[14P[RATUR[

5. 729
9. 006

14.277
23.205
24.554
44. 9515
67.905
31. 044
84.402

105. 715
161.880
265. 025
222.79(;
271.407

4.941
7. 440

10.762
16. 463
19.866
22.883
46.251
25.9_
65.298
65. 076
75.985
89. 764

108.179
144.510
200.924
220. 121

Electrical resistivity deviations for Arrnco iron,

TEI'IP[RMtAIE OBS[RV[D C_CULM[I) P[RCENT
R,¢_IE R[SISTM_CE R[SIST_IC[ DEVIATION

1.`368 1.16_-004 1. lq_-004 -0.0.3
5. 727 I. 168-004 I. 168-004 -0.02
5. 485 1.171-004 1.171-004 0.04

10.416 1.188-004 1.189-004 -0.01
2.746 1.191-004 1.192-004 -0.07

18.568 1. 572-004 I .370-004 O. 10
57.699 I. 980-004 1. 983-004 -0.16

9.567 1.221 -004 I .222-004 -0.12
14.598 2.625-004 2.624-004 -0.05
27. 454 3. 763-004 3. 765-004 -0.0 !
93.511 7.515-004 7.510-004 0.05

212.914 1.579-00,3 I .580-00,3 -0.08
,37.445 I • 201-00`3 1.202-00,3 -0.0`3
89. ,322 I .606-00,3 1.G04-00,3 0.12

0.000 1.t_-004 1.1_-004 0.01
0.000 1.167-004 1.1_-004 0.07
0.000 1.168-004 1.170-004 -0.12
0.000 1.174-004 1.17,3-004 0.1,3
0. 000 1. 179-004 1. 179-004 0.08
0.000 1.186-004 1.186-004 -0.04
0.000 1. `381-004 I .579-004 0.20
0.000 1.189-004 1. 190-004 -0.07
0. 000 I. 782-004 1.78`3-004 -0.04
0.000 1.777-004 1.776-004 0.07
0.000 2.245-004 2.245-004 -0.00
0.000 2.879-004 2.880-004 -0.06
0.000 `3.897-004 `3.8.('G-004 0.04
O. 000 6.241-004 6.2`31-004 0.16
0.000 1. 0`32-005 1. 0`3`3-00.3 -0.14
0.000 1.180-003 1.180-003 0.01

specimen

INTRINSIC
RF..SISTANCE

2.0,34-009
2.020-007
5.520-007
2.252-006
2.502-006
2. 055-005
8. 135-005
5.502-006
1. 457-004
2,597-004
6.,347-004
1.462-00`3
1. 085-00`3
!. 490-003
2.0`34-009
!. 020-007
2.520-007
8.020-007
1.352-006
2.002-006
2. 155-005
2. ,302-006
6.1G0- 005
6.110-005
1. 079-004
1.71,5-004
2.7,31-004
5.075-004
9.151-004
1. 064-005

°
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Table 1 3 Thermovoltage deviations for Armco iron, specimen 2.

Uq_PI[R
T£mt_RATUR£

G. 3"/8
10.719
16.821
28. 033
25. 873
54. 051
87.154
35.641
91.849

119.591
209.535
374.&00
241.657
316.795

LOI4[R OOS;[RV(J) CALCULAT[D D(V !ATI Of4
T[IqI_RA TUI_ TFiERlqov(X.TAG( THl[.qlqOVOt.TAG(

5.010 -0.05 -0.03 0.01
G.992 0.13 0.18 -0.04

11.35G 0.51 0.40 0.11
! 7.616 3.60 5.71 -0.11
23.127 1.04 1.15 -0.11
35. 483 47.20 46.99 O.21
49. 435 241.42 241.05 -0.23
26.074 8.19 8.15 0.04
77.251 129.98 129.81 O. 17
92.1 37 318.51 318.18 0.33

1IG. 024 1543.50 1343. G4 -0.15
IG1. G85 2724.50 2724.48 O. 02
204. 212 544.20 543.87 O.53
227. 472 1t 74.06 1174.17 -0.11
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Table 14 Thermal conductivity deviations for Armco iron, specimen 2a.

THEKqqAL CONDUCTIVITY

T[IqI_[RATUII_

DATA fOR _0 IR(_(2A9 9 lIAR E9 900 All

T[MPt[RA TUII[ OeSi[RVl[D CALCULAT[D P[RC[NT
D ! rrlrl_NC[ THI[RIqAL T_ [_V] AT l ON

CONDUCTIVITY CONDUCTIVI Tit
3. _ 9.92.001 9.91 *001 O. 1
3.846 9. _*001 9.77.001 -1.1
3.891 9.56*001 9. (;4*001 -0.8
3. 922 9.47.001 9.52"001 -0.5
3.9(;0 9.41.001 9.41÷001 O. 0
5.979 9. _*001 9. $0+001 O. G
4. 025 9.26"001 9.20*001 O. 7

88.001
91.803
95.G71
99.578

103.519
1 O7. 488
111.490

TH[ImAL CONDUCT iV
MEAN TErlPERATUR£

TEMPERATURE D l IrF'ER[NCE

92.8G9
101.G15
110. G20
119.815
129.171
138. _G
t48.300

ITY DATA lrOR ARJ'qlCOIRONI2A) 10 rtAR 69 1020 AN
OBS[.qVIED CALCULATED PI[RC[.NT
THEI_AL T_ DEVIATION

CONDUCTIVI TT CONDUCTIVITY
8.591 9.76.001 9.74+001 O. 2
8. 902 9.40,001 9.46*001 -0. G

9.108 9.20.001 9.22.001 -0.2
9.281 9.0 I*001 9.01+001 -0.0
9.453 8. e9*O01 8.84,001 O. 5
9.55G 8.77.001 8.70.001 O. 8
9. 712 8.64*001 8.59_001 O.E

TH[RI'IAL CONDUCTIVITY DATA IrOR ARtICO IRONI2A_ tO
I_AN TEIIPI[RATUR£ OBSIERVED CALCULATED

TrI,IPIrRATUR[ D IFF[R[NC[ TH[RIqAL T_
CONDUCTIVITY CONDUCTI V| T'(

1 15. 780 17.74E 9.1 7.001 9.10"001
133. 920 18.533 8.7G*O01 8.77.00t
152. 704 19.03G 8.54.001 8.54+001
1 71.9_57 19. 430 8. _÷001 8. SG*O01
191.56'5 19.82E 8.21.001 8.21÷001
211.57(; 20.19(; 8.05*001 8.05*001
231. 993 20.659 7.89*00 ! 7.89+001

G9 500 PIq

PERCENT
DIrV] AT I ON

0.8
-0.1

0.0
-0.t
-0.0

0.0
0.1
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Table ]4 (Cont.)

THI[RHaL C_TIVITT DATA
tq[AN 'rEIqPCRAtUttE

T£1qll:_[R4TUR[ O! rr£fe£NCE

t 35.94S 4.2Z4
! 40.2_ 4. 337
t 44.562 4. 336
148. eg_ 4. 323
153.229 4.35 !
1$7.584 4.359
1£1.9G9 4.41 !

FOR d_qlCO IRONq2A; 11 _ G9 440 PPI
OeS[RV[D C,tR.Ct4.AT[.D PI_C[NT
TN[ftlq6L TH[RflAL Ot[VIAT lOtq

CONDUCTIVITY CONDUCTIVITY
8.83÷00! 8.74.001 1.0
8.Sil÷O01 8.G8÷00 ! - 1.3
8.59+00t 8.£3÷0(_! -O.S
8.60+00 t 8.58÷00 t O. 2
8.57÷001 8.53÷00! 0.4
8.55÷001 8.49_001 O. 7
8.4G+001 8.45÷00 ! O. 1

TH[RIM&L CONDUCTIVITY DATA
/'I[AN TE_ATUR_

TEISPERATURI[ DIFFERENCE

141.419 9.589
151.153 9.859
1G1.01£ 9.927
170.979 10.000
181.042 10.127
191.213 I0.Z14
201.500 10.359

fOR kqMCO IROfl(2A) 12 l,taR G9 1007 APt
08S[RVI_) CALCULAT[D F'I[RC[NT
Ttt[RIIAL Tt,i[RhtL Dt[VIATION

CONDUCTIVITT CONDUCTIVITY
8.75÷001 8.67÷001 0.9
8.51÷001 8.56÷001 -O.G
8.44÷001 8,4G÷001 -0.2
8.37÷001 8.37÷001 -0.0
8.28÷001 8.29.001 -0,1
8.2_÷001 8.21÷001 -0.0
8.11+00t 8.13÷001 -0.3

TH[RIUL CONDUCTi Vi

TF'tqPI[RATURE

T¥ DATA FOR
TEHP_ATUR_
DIFr[R[NC[

198.547 3.502
202.0f_ 3.55(;
205.G04 3.541
209.148 5.548
212.699 3.553
216.257 3.5G1
219.831 5,587

,LqNCO IRON(2A_ 25 _ G9 345 Pff
OBS[RVI[D CALCLq,.AT[D PI[RCF...NT
TI_.N/ML TFf_qf_4. D_V|ATION

CONDUCTIV]TY CONDUCTIVITY
8.15÷001 8.15+001 -0.0
8.06÷001 8.13÷001 -0.9
8.05_001 8.10÷001 -0.6
8.03÷001 8.07÷001 -0.6
8.05÷001 8.04÷001 -0.1
8.01÷001 8.01÷001 -0.0
7.96_001 7.99_001 -0.3
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Table 14 _Cont. )

TH[RIIAL CONDUCTIVITY
IqEAN TlrlqI_RA T_tl[

TrI, IP[RA TUR[ DIFFERENCE

21.556 0.7_
22.265 O. 722
22. 982 O. 713
25.G78 0 .G79
24.55O O. G£5
25.000 0.53G

25.628 O. G19

DATA FOR AkI'ICO IRON(2AJ 12 I'tAR G9 540 PM

OeS[RVI[D CALCULATED P1ERC__NT
THI[RI'IAL TIf.Rl'ttL DEV i AT ! ON

CONDUCTIVITT CONDUCTIVITY
7.00+001 7.02+001 -0.4
7.12+001 7.23+001 -1.5
7.21+001 7.44+001 -3.1
7.57÷001 7.G3+001 -0.8

7.75+00I 7.81+001 -0.8
8.09+001 7.98+001 1.4
8.33+001 8.14÷00! 2.3

THEI_IAL CONDUCTIVITY DATA FOR ARIICO IRON(2A) 13 MAR G9 1015 AM
I'I[AN TEI_:qERATURI[ 0BS[RVlED CALCULATED PIERCENT

TEMPERATURE DIFFERENCE TH[I_J¢ THERR_ D[VIATION
CONDUCTIVITY CONDUCTIVITY

23.982 1.332 7.70÷001 7.71+001 -0.1
25.293 1.290 7.95+001 8.05+001 -1.5
2G.569 1.261 8.12+001 8.37+001 -3.0
27.795 1.192 8.58+001 8.G5+001 -0.8

28.970 1.158 8.8G+001 8.91+001 -O.G
30.099 1.100 9.51+001 9.14+001 1.9
31.184 1.070 9.59+001 9.34+001 2.£

TH£RM/14. CONDUCTIVITY

NEAN TEMPERATURE

TEMPERATURE DlrrZRENCE

28.826 5.418
32.148 5.226
35.514 3.106
38.541 2.948

41.253 2.875
44.075 2.7G9
46.822 2.725

DATA fOR ARI_O IRON(2A) 13 MAR G9 1215 PM
0eS[RVED CALCULATED PERCENT
TH[RHAL THERMAL DEVIATION

CONDUCTIVITY CONDUCTiViTY
8.91+001 8.88÷001 0.3
9.41+001 9.52+001 -1.1
9.79+001 1.00+002 -2.2
1.03.002 1.04+002 -O.E
1.06_002 1.06+002 -0.3
1.10÷002 1.08÷00Z 1.7
1.12÷002 1.09+002 2.4
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Table 14 (Cont.)

TH[RRAL CONDUCTIVITY DATA FOR &RNCO IRON(2A)
Jq[_l TENPERJTUI_ OBSERVED

TERPERATUR[ D IrrER[NC[ THERI_.

CONDUCTIVl TT
3G.201 6.333 1.02.002
42.397 G.OGO 1.06.002

48.399 5.943 !.08.002
54.298 5.855 !.10.002
60.168 5.885 1.09,002
66.065 5.909 !.09.002
72.043 6.049 1.06,002

E9 300 I_1
CALCULATED PERCENT

THERRAL DEVIATION

CONDUCTIVITY
1.01.002 0.4
1.07.002 -1.0
1.10.002 -1.3
1.10.002 -0.4
1.09,002 0.2
1.07,002 1.3
1.05.002 1.1

15R¢_

THERIqAL CONDUCTIVITY
_ TE_°ERATUR£

T[PIPERATUR£ DIFFERENCE

48.480 7.184
55.708 7.270
G3.045 7.403
70.526 7.558
78.179 7.748

86.006 7.907
94.055 8.148

DATL FOR ARRCO IRONI2A) 13 MAR G9 520 PH
OBS[RVED CALCULAT'------------------[DP(RCENT
TH[PJqAL THERKIJ. DEVIATION

CONDUCTIVITY CONDUCTIVITY
1.11,002 I.t0,002 0.9

1.09,002 1.10,002 -0.7
1.07"002 1.08*002 -1.0
1.05"002 1.06,002 -0.9

1.05"002 1.03,002 -0.3
1.00-002 9.98,001 O.G
9.76,001 9.70,001 O.G

THERHAL CONDUCTIVl
MIEAN

TENP[RATUR£

78. 942
80.564
81.801
83. 243
84.690
86.t56
87.584

TEMPERATURE

DIffERENCE

1.412
1.453
1.440
1.444
1.448
1.444
1.452

TY DATA _OR ARNCO IRON(ZA) 7 MAR 69 500 PN
OBSERVED CALCULATED F_:..RCENT

THERMAL THERP_ DEVIATION
CONDUCTIVITY CONDUCTIVITY

1.03,002 1.03,002 0.0
1.01,002 1.02,002 -1.2
1.00.002 1.01.002 -1.0
1.00,002 1.01,002 -0.8
9.99,001 1.00,002 -0.4
1.00"002 9.98,001 0.4
9.98,001 9.92,001 0.5
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Table 14 (Cont.)

THERfl_ CONDUCTIVITY DATA F'OR ANqPCO IRONI2A) 19 PIAR 69
I_AN TEIqI_RATUI_ OBSI_V[D CALCULATED

TEIq_[RATUII_ DlrrCRI[NC[ TH[NqAL TI4DRIq_

CONDUCTIVITY CONDUCTIVITY
5.048 0.317 1.65÷001 1.G3÷001
5._ 0.296 1.7G÷001 1.74÷001

5.647 0.289 1.81÷001 1.85÷001
5.cJ2£ 0.2G9 1.94÷001 1.95÷001
6.191 0.2GI 2.01÷001 2.04÷001
6.441 0.239 2.19÷001 2.13÷001
G.G77 0.233 2.24÷001 2.21÷001

43_qq
PERCENT

DEVIATION

1.1
0.9

-2.1
-0.5
-I .8

2.8
1.5

THEImAL CONDUCT IVl

_[AN
TEFN>[RATUR[

TY DATA for
TENDERATUR[

Dlrr[RENC[

6.337 0.584
6.894 0.530
7.413 0.509
7.900 0.465

8.355 0.444
8.780 0.407
9.178 0.389

ARtlCO IRON|2A)
OeS[RV[D
TH[ReULL.

CONDUCTIVl TT
2.08÷001
2.29÷001
2.39÷001

2.61÷001
2.74÷001
2.g_'001
3.12÷001

19 I'tAR Gg 545 Ptq
CALCULATED P[RC[JqT

TH[RJ'IAL DEVIATION
CONDUCTIVITY

2.09_001 -0.5
2.28÷001 O. 2
2.4G_001 -3. I
2.62÷001 -0.7
2.77÷001 -I .3
2.91÷001 2.4
3.05÷001 2.5

THI_RnAL CONOUCTIVITY DATA FOR AN'IC0 IRON(2A)

PIEAN TEMPICRATURI[ 0BS[RVl[D
TEIqF_RATUR[ DIrFEI_NCE TH[RIPIAL

CONI)UCTIVlTV
8.20G 1.220 2.72÷001
9.355 1.078 3.08÷001

10.58(; 0.98t; 3.37÷001
11.321 0.883 3.7_÷001

12.176 0.827 4.02÷001
12..(_E_ 0.753 4.41÷001
13.G96 0.711 4.68_001

19FIAR 69 715 PM

CALCULAT[J) PERCENT
THERtM_ DEVIATION

CONDUCTIVITY
2.72÷001 0.0
3.10÷001 -0.9
3.44÷001 -2.3
3.75÷001 0.1
4.08÷001 -0.3
4.29+001 2.7
4.54÷001 3.1
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Table 14 (Cont.)

T_(RmL

TEP_ERATL_E

l I .955
14. 080
15.947
1 7.615
19.127
20.521

21.811

COND_TIVITT DATA rO_ A_qlCO IROfl(2A)
TERPI_ATU_
D I f:rE_E.NCE

2.286
1.965
I. 771
1.565
I. 459
1. 528

1.252

19 _ 69 810 Pf,I
OBS[RVF.J) CALCULATED P(RC[NT
TNEJ_qAL TN[.qJq_ i_V IA T I ON

CONDUCTIVITY CONDUCTIVITY
3.99÷001 3.96*001 O. 9
4.64*001 4.EG*001 -0.5

5.15.001 5.28.00I -2.4
5.82*001 5.81 *001 O. 1
G. 26*001 G. 29+001 -0. E
G. 87"001 G. 72*001 2.2
7.30"001 7.10.001 2.7

THERIqAL CONDUCTIVITY
lqE_m

TEIqPERATUR£

DATA FOR
TERpIrRATUR[
DIrrc Ncr

14.527 2.80£
17.137 2.415
19.455 2.180
21.494 1.957
23.5_ 1. 809
25.100 1.659
26.715 1.571

ARIICO IRON(2A) 20 _ G9 1045
OBSERVED CALCULATED PERCENT
THERMAL THERRAL DEVIATION

CONDUCTIVITY CONDUCTIVITY
4.85"001 4.81.001 0.5
5.60.001 5.6G*001 -I.1
6.21.001 6.39.001 -2.8
6.98.001 7.01.001 -0.4
7.50.001 7.54.001 -0.6
8.17.001 8.00.001 2.0
8.65.001 8.40.001 2.7

TI4(I_AL CONDUCTIVITY DATA IrOR
I_AN TI'IIPERATUI_

T[tIPERATUR[ D ! Irlr£RENC[

16.553 0.740
17.080 0.715

17.789 0.701
18.468 0.657
19.117 0.641
19.740 0.605

20.555 0.585

ARIqCO IRONI2A) 20 lIAR 69 1200 NOON

OBSIERVED CALCULATED P(RCENT
TI_RP,_ THERR_ DEVIATION

CONDUCTIVITY CONDUCTIVITY
5.41"001 5.41.001 0.0
5.58"001 5.64.001 -1.1
5.70"001 5.87*001 -3.0
G.09+001 6.09+001 -0.2
6.24"001 6.29+001 -0.8
6.61"001 6.48"001 1.9
6.85"001 6.66.001 2.7
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Table 14 (Cont.)

TI4ERlqN. CONDUCTIVITY
iq(a_l T£1qP(RATUt_

T[HPt[RATUR[ D| rlr[l_NC[

212.r_1 6.947
Z 19.559 7.049
22G. G23 7.0 78
233,717 7,111
240.84G 7.146
24,8.01S 7.192
L:_'5.244 7.267

DATA lrOR kq_O IROtq12A) 2G IqaR G9 1200 NOON
OeSZRVEi) CALCULATED P(RCENT
TH[RIq_ TH[Rlq_ D(VlATIOfl

COMXRTiVl TT CONDUCTIVITY
8.0G,001 8.04,001 O. 1
7.92,001 7.99.001 -0.8
7.90,001 7.95*001 -0.4
7.85*0, I 7.87,001 -0.3
7.85.001 7.81.001 0.2
7.78,001 7.76,001 O.$
7.71.001 7.70.001 0.1

THI[RlqlAL CONDt_TiVl
I'I(AN TE_TURI[

Tr IqP£RATURI" D ! rF'ERENCIr

218.594
231. 706
245.013
258.45G
272. 039
28'5. 779
299.737

TY DATA F'OR ARIICO IIItONI2A) 2G IqARG9 715 PIq
OOSERVICI) CALCULATED P(RC_'qT
THDUqaL TH[NML DEVIATION

CONDUCTIVITY CONI)tKT]Vl TY
12.985 8.00"001 8.00.001 O. 1
13.240 7.85"001 7.89*001 -0.7
I 5.37S 7.71;',001 7.78,001 -0.2
15.512 7.67,001 7. £7,001 -0.0
15.653 7.£1,001 7.58*001 0.4
13.829 7.5! *001 7.50,00 ! O.2
14.08G 7.58,001 7.45,001 -0.8

Ti4(RfqAL CONDUCTIVITY DATA IrOR AltlqCOIRONI2A) 27 IqARg9 445
I'l(AN TEIqI_[RATURI[ OB_W[i) CALCULATED P(RC(NT

TEI'IPI[RATUI_ O | FF'IrRI[NCF" THr.RH_ TH[Rff.AL DI[VIATION
CONDq_TI V!T_r CONDUCTIVITY

235.2GG 2. G38 7.95*001 7.84_*001 I. 2
237.935 2.700 7.75,001 7.84,001 -1. I
240. G29 2. G88 7.80*001 7.82*001 -0.2
245.307 2. GG8 7.84,001 7.79.001 O. G
245.97(; 2. G71 7.85*001 7.77*001 1.0
248. G54 2. G83 7.81.001 7.75*001 0.8
251. 360 2. 729 7.69.001 7.73*001 -0.5
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Table 14 (Cont.)

THEImN. C01(OETIVl TT

T£nI_RATUlt£

277. _-j6 2.718
280. O9O 2. 749
282. 041 2. 753
285.59(; 2. 750
288. _'_ 2.7(;2
291. 125 2. 776
293.911 2. 796

DATA FOR JJtlqCOIROf412A) 3 APRIL G9 430 PR
TrlIPERATUR[ oesrLRv(D CALCULAT[i) P[RC[HT
D !rr£1t(NC[ THI[RR_K. TH[RRAL Dl[Vl AT ION

CONDUCTIVITY CONDUCTIVlTT
7.(;$+001 7.55+001 1.1
7.52+00! 7.53+001 -0. !
7.52+001 7.51+001 O. 1
7.50+001 7.50+001 -0.1
7.50+001 7.49_001 0.2
7.46.001 7.48.001 -0.2
7.42+00 ! 7.4G+O01 -0 .G

TH[RRAL CONDUCTIVITY DATA
MEAN TEm_.l_ TUI_

TERPI[RATUI_ D!rrERI[NCE

277.6:51 2. 748
280. 595 2. 781
28.3.1 78 2. 785
285.9_ 2. 790
288. 758 2.79"3
291.r_I 2.811
294. 382 2.851

FOR ARRC0 IRONI2A) 4 APRIL G9 920 All
0B:SERM[D C_CULATF.D P(RC(NT
THERet_ THF.Nq_ DEVIATION

CONDUCTIVITY CONDUCTIVITY
7. I;3+001 7.54*001 1.2
7.55,001 7.55+001 -0.0
7.52+001 7.51 ÷001 O. 1
7.50+001 7.50+001 0.0
7.50,001 7.49_001 O. 2
7.46+00 t 7.47+001 -0.2
7.42+001 7.4G*001 -0.(;
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Table l 5 Electrical resistivity deviations for Armco iron, specimen 2a.

I'l[Mq
T[PlP1ERATUR[

5. 898
7.837

11.158
17.295
21.110
18.412
23.654
27.699
38.111
54.224
70.953
83.251
99.650

120. 150
172. 780
148.915
171.185
209.164
235. 794
258. 759
243. 305
285.611
285.981

4.132
19.818
75. 954
84.195

151.684
192.760
275.215

TERP[RATURIE 0tBS[RV[D CAt.CUt.AT[I) P[RCENT INTRINSIC
RA_,,IE RIESISTAIttC[ R[SISTANC[ I)£VlATION RF_SISTANCE

I .904 1 •292-004 I .292-004 -0.00 5.572-008
3.327 1 •295-004 1.295-004 0.02 1.557-007
6.458 I . 295-004 I . 296-004 -0.05 3. 557-007

11.4524 I •$01-004 I .301-004 0.03 I . 0045-0045
14.577 I . 309-004 I . 309-004 -0.04 ! . 75G-0045
4.4544 1.302-004 1.302-004 0.07 1. IOG-OOG
4.770 I • 314-004 I . 315-004 -0.07 2.256-006
8. 402 1. 329-004 !. 330-004 -0.11 3. 756-0045

21.0457 1.410-004 1.409-004 0.05 1. 1845-005
42.033 1.719-004 1. 7145-004 0.12 4.271-005
53.219 2.249-004 2.249-004 0.01 9.5745-005
10. 074 2. 4580-004 2. 4582-004 -0 . 08 1. 589-0 04
27.379 3.532-004 3.534-004 -0.05 2.241-004
454.582 4.793-004 4.793-004 -0.0t 3.502-004

155.405 8. 452-004 8.4445-004 O. 07 7. 161-004
30.341 G.6459-004 G.GG4-004 0.07 5.379-004
70 . 055 8.2G5-004 8.2450-004 0. 045 G. 974-004
24.828 1.105-003 I. 1045-003 -0.10 9.759-004
49.790 1.299-003 1. 299-003 0.03 1. 170-003
94.678 1.508-003 I .508-003 0.01 1. 379-003
18.777 1.37G-003 1.374-003 0.11 1.2445-003
19.312 1. 733-003 I . 734-003 -0.04 1.G04-003
19.540 I . 737-003 I . 737-003 -0.03 1.4508-003
0.000 1.291-004 1. 292-004 -0.00 5. T21-009
0.000 1. 305-004 ! . 304-004 0.06 1. 356-0045
0.000 2.359-004 2. 558-004 -0.01 1. 067-004
0.000 2.722-004 2.724-004 -0.06 1.431-004
0.000 5.494-004 5.489-004 0.09 4.203-004
0.000 9.801-004 9.820-004 -0.20 8.509-004
0. 000 1.4525-005 I. 4524-003 0.04 I. 496-003
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Table 16 Thermovoltage deviations for Armco iron, specimen 2a.

_I>PIER LOM[R OeS;[RV[I) CALCULATED D[VIATION

T£RPlERATUR[ TrlqlI_RA TUR[ TH[.I_OVOL TAGE THERSqovo(.TAG[
G. 795 4.889 O. 01 -0.13 O. 14
9. 572 S. 045 O. 10 0.24 -0.14

14.053 7.5C_ 0.43 0.48 -0.05
22.437 10.815 1.99 1.84 0.15
27.501 13. 124 4.21 4.21 O. O0
20._7 15.9e3 O. 84 0.88 -0.04
25. 937 21 • ! G8 !. 82 ! . 99 -0. ! 7
31 . 719 23. 316 5.37 5.59 -0.22
48. 185 27.118 35.68 55._ O. 02
75. OG8 33. 054 175.46 175.26 O, 20
98.108 44. 888 568.80 569.03 -0.23
88.510 78.2_E; 89.71 89.65 O. OG

! 15.505 86. 123 300.24 500.21 O. 03
155.15(; 88.574 815.92 815.81 O. 11

242.513 I OG. 908 1922. _ 1922.21 O. 15
! 64.175 133. 855 452.88 453.24 -0.
20G. 680 1 56.G24 1025.47 1025.G3 -0.16
221.625 19G. 79(; 564.64 564.50 O. 14
258. 878 209. 087 708.45 708.56 O. 09
306. 779 212.101 1276.16 1276.24 -0.08

252. 724 233. 947 263.21 2GS. 59 -0.38
295. 309 275. 998 245.31 245.17 O. 14
295. 797 278.257 247.90 247.79 O. I 1
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Table 17 Thermal conductivity deviations for Armco iron, specimen 4.

TI,IL_
Pl[_

T[IqP_'3_aTUR[

78.98O
79.895
80.81£
81. 739
82.663
85.588
84.519

CONDUCTlVlTT DATA rol_ N_qco IRON(4)
TEIqI_..RATUN[
DI rr£n(NCE

O. 909
0.925
0.919
O. 9_
0.925
O. 928
0.954

11D[C68 1140AH
OeS[RVf.D CALCIA.AT[J) P(ACIDqT
TH[flI_ TIf.JW_ D[V! AT ! ON

CONDUCTIVITY CONDUCTIVITY
1.02,002 1.02,002 -0.1
1.01.002 1.02.002 -1.2
1.01,002 1.01,002 -0.5
1.00,002 1.01,002 -O.G
1.01.00Z 1.01.002 0.5
1.00,002 1.00,002 -0.0
9.96.00t 1.00,002 -0.4

T_RIq_. CONDUCTIVITY
_Lq

TEIqPI_ATUmE

DATA fOR
T(IqPERATURE
D ! rrExENC[

87. 522 2.880
90.254 2. 946
95. 186 2.957
96. I60 2. 990
99.156 5. 002

102.174 5.055
105.22(; 3. 067

ARgO IRON(4) 11D[C68 540Plq
08S[IWI_ CALCULAT(D PI[J_(NT
TI(I_IAL. THDtIq_ D[V|AT|ON

CONDUCTIVITY CONDUCTIVITY
9.89+001 9.89_001 -0.0
9.68,001 9.78,001 -I. 1
9._*001 9.68,001 -0.2
9.56,001 9.58,001 -0.2
9.54,001 9.494,001 0.6
9.42*001 9..594.001 0..5
9.'52,001 9..51÷001 O. 1

TN[_ CONDUCTIVITY DATA F'OR
HEAN T£P|_I[RATUR[

TEIqP[RATURE DI rrERENCE

105.697 7.526
115.546 7.772
121 . 165 7.86.5
129.090 7.990
157.118 8.065
145.245 8.18G
15.5.48.5 8.294

Al_qC0 IRON(4) 12 DEC 68 11.50dJ'!
O_ICRVICL) CALCULAT(D P(RC(NT
TH£RlUL TH[NqAL Dlt'VlATI 0N

CONDUCTIVITY CONDUCTIVITY
9.345,001 9.29_00t 0.7
9.07,001 9.10"001 -0..5
8.98,001 8.94,001 0.5
8.85,001 8.80,001 O.S
8.78,001 8.69,001 1.1
8.64.001 8.59"001 0.£
8.52,001 8.51.001 0.2
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Table 17 (Cont.)

TN[RR_ CONDIKT lvITl
n(_ T(m(RATUA(

T(mE'RA TUR£ D I rr[_.NC(

IGO. OG5 15. 373
t715.714 15.9_3
191.731 16.11t
207.9¢_ 16._2
224.41 £ 16. 556
241.11G 16.843
Z58.099 17.124

DATA fOR ARRCO IRONI4) 13 D(C 68 915_
OgS[R'dED CALCULAT[D IPlEJtC[NT
TN[RRA¢ Tl,(Al, ll¢ D(VIATION

CONDUCTIVITY CONDUCTIVITY
8.54,001 8.45,001 1.0

8.25,001 8.34,001 -1.0
8.17.001 8.23*001 -0.8
8.06,001 8.12,001 -0.8
7.97.001 8.00.001 -0.4
7.83*001 7.87*001 -0.5
7.69+001 7.72*001 -0.3

TI4EIqR_ CONDUCTIVITY DATA
PI[AN T[RP£RATUR[

TERP1ERATUi_ DIrrERIENC(

208. _9 16.131
22.4. 806 16. 785
241 . _5 16. 934
2458.718 17.172
27G.003 17.399
293.594 17. 782
511.567 18. 165

fOR ARI_O IRON I4! 13 DEC £8 855PM
OeSIERVIED CALCULAT[D P(RC[NT
TH(RI_kL THERMAL DEVIATION

CONDUCTIVITY CONDUCTIVITY
8.16"00t 8.12"001 0.5
7.85.001 8.00"001 -1.9
7.80.001 7.8G+001 -0.8
7.69"001 7.71*001 -0.2
7.61.001 7.56*001 0.6
7.44.001 7.42+001 0.2
7.27.001 7.31.001 -0.5

TI,iEM,IAL CONDUCTIVITY
r,lE,Ul TEI,IPERATUR[

TERP[RATUI_ DlrrER[NC[

205.658 5. 156
210.852 5.272
216. 128 5.280
221.429 5. 321
226. 759 5. 339
252. 120 5. 381
237.524 5. 427

DATA fOR MtI_CO IRON(49 190(C 68 500Pit
OB_.RVIED CIU.CULAT(D P_CENT
TH[RM&L THERRAL DEVIATION

CONDUCTIVITY CONDUCTIVITY
8.23.001 8.14.001 !.0
8.05.001 8.10.001 -0.6
8.06.001 8.07.001 -0.1
8.00.001 8.03.001 -0.3
7.99.001 7.96.001 0.0
7.92"001 7.94.001 -0.3
7.84"001 7.90"001 -0.7

"o
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Table 17 (Cont.)

TH[let_ CONDUCTIYITT DATA FOR ARPICO ]RON(4; 16 O(C G8 1135 Mq
I_AIM T[RPICRATUI_ _srJ_.D CAL.CUI..AT_) PI_(.NT

T(IqPIL"RATVII_ D I F'F'[I_NC[ THI[RNAL TH[RIqlJ_ DI[V I AT i ON
CONPUCTlVl TV CONDUCTIVITY

5. 427 O. 228 1.110÷001 1.71;4,001 2.4
5.650 0.219 I. |11.001 I. 114.00t 2. I
5.1166 0.212 1.94.001 I. 91.001 1.5
G.07_ 0.207 I. 99_001 1.99"001 0.4
G, 2"19 O. 200 2.07*001 2.06,001 0.5
£. 4"/_ O. 193 2.14.001 2.12.001 O. 7
£°669 O. 194 2.12.001 2.19+001 -5.0

T_ CONDVCT]VITY DATA FOR AlnICO IRONi4_ t6 D[C 6,8 12_4Plq
PI[AN T(IqI_RATUI_ OBS[RVI_ CA(,CULAT[.D P[RC[.NT

TL_qlI_RATUR[ D IFIrEI_NC[ THERNAL THERJqAL DEVIATION
CONDUCTIVITY CONDUCTIVITY

7.211 0.542 2.35÷00 t 2.37.001 -0.7
7. 732 0.501 2.55.001 2.54÷001 0.2
8.21 g O. 475 2.70*001 2.70÷001 O. 0
8.6,78 O. 446, 2.87÷001 2.85÷001 O. 6,
9.115 O. 423 3.03÷001 3.00.001 1.0

9.526 0.403 3.19+001 3.13÷001 1.4
9. 922 O. 391 3.27*001 3.2G÷O01 O. 4

TNERRAL CONDUCTIVITY DATA FOR ARHCC IRONI4) 16 D[C 68 130PN
REALM TEHP[RATUR[ OBS[RVI[D CALCULAT[D I:qERC[NT

TIrI'IPI[RAT URI[ D ] IrrrRIENC[ TH[RNAL TH[RfML DEVIATION
CONDUCT]V! TY CONDUCTIVITY

10. 579 O. 884 3.46÷001 3.48÷001 -0.6'
t 1.428 O. 815 3.76÷001 3.76'÷001 O. 0
12.216 0.76'I 4.03÷001 4.01÷001 0.5
12. 955 O. 717 4.29+001 4.26,'001 O. 5
1 5.655 O. 6,77 4.54*001 4.49+001 1.1
14.514 O. 6,45 4.76÷001 4.70÷001 I. 2
14.947 0.622 4.95.001 4.91 ÷001 0.5
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Table 17 (Cont.)

TIqEIItlqlaL COqDUCTIVITT DATA
IqEAN TEIqP(RATUR[

r Lrm_I_ATL_E D I rlrEI_ENC[

5. 449 O. 258
5.(;79 0.225
5.899 0.21£
G.11f 0.209

G.317 0.203
(;.514 0.191

G. 705 0.190

fOR JN, tCO I RON (4 _ 1E DEC 68 50r'_q
_RVED CALCtJLAT[D It:_dl_C[JqT

TI4EA71A4. Tt,(I_IqAL D(VI AT ] ON
CONDUCTIVITT CONDUCTIVITY

1.73.001 1.77.001 -2.3
1._*001 1.85.001 -0.2
1.91.001 1.93.001 -0.9
I._*001 2.00+001 -1.1

2.03"001 2.07"001 -1.G
2.1G_001 2.14.001 0.9
2.1G÷001 2.20.001 -1,5

THE'R_ CONDUCTIVITY DATA FOR
Iq[JuN TEt'IP(RATt, At_i[

TE_ATLAq[ DI£fERi[NC[

1 7.5G5 1.711

1 9.207 1.572
20. 724 1. 452
22.142 1. 375
23.477 1.295
24. 743 1.237
25.9(;1 1.199

kqlqCO IRONI4) IG D(C G8 540P1'I
OBS[RVI[D C&LCULAT[.D P(.qCENT
TI4ERHAL TH[RJI_ DEVIATION

CONDUCTIVITY CONDUCTIVITY
5.72÷001 5.75÷001 -O.G
G.25*001 5.27*001 -O.G
5.71.001 E.72+001 -0.2
7.14.001 7.14.001 0.1
7.60.001 7.51*001 1.2
7.94.001 7.84*001 t.2
8.18.001 8.15+001 0.4

THERMAL CONDUCTIVITY DATA
I_AN TENP[RATUR£

TEMPERATURE DlrrER:ENCE

17.580 1.718
19.227 1.577
20.750 1.466
22.177 1.585
25.516 1.292
24.782 1.241
26.005 1.204

FOR ARrtco IRON I4) 16 DEC 68 GOOPM
OBSIF..RVED CALCUt.AT-_ PERCENT
THERMAL THERMAL DEVIATION

CONDUCTIVIT1 CONDUCTIVITY
5.69,001 5.76.001 -1.1
6.21"001 6.27.001 -1.0
6.66÷001 6.73.001 -0.7
7.08.001 7.15.001 -0.9
7.61,001 7.52+001 1.2
7.92.001 7.85.001 0.8
8.15.001 8.16*001 -0.1
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Table 17 (Cont.)

TNl_llllq_ ¢Olql)I_T|VlTY DATA
I_AN T[Iqlw.RATUII[

TrMFq_ATUR[ D !rrrn[_r

14.085 1. 051
15.096 0.9110
1G. 051 O. 924
16.cJ61 0.876
! 7.802 O. 827
18.G12 0. 791
19. 391 O. 7(;7

ro_ _qnco 11_(4; 16 i_c 611 6.qS_q
oesr_v(D " CA4.CULAT[D IW.J_C[NT
Tl_qd4. TH[RIq_ D_V|ATION

CONDUCT|Vl TT CONDUCTIVITY
4.59_001 4 .G_O01 -0.7
4.93.001 4.96.001 -O.S

5.24.001 5.27.00! -O.S
5.53.001 5.5G*OOt -0.S
S. 87.001 S. 83.001 O. 7
G. 13.001 6.08.001 O. 8
G.32.001 G.32.001 -0. !

T14L'IIIYL COICqJ(T | V| TY
HEAN TrlqI_RATUI_

T[_DL"_AT _E D IrrrlE_r

21.8SO O. 273
22.121 0.270
22.389 O. 2GG
22. G54 O. 2G3
22.914 O. 258
23.1 70 O. 253
23.424 O. 254

DATA F'OR ARIqco IRON(4) 17l)(CG8 1140Ati
OeSr.RVI[D CALCULAT(D PI[RC(NT
THERMAL T_ DEV! AT I ON

CONDUCTIVITY CONDUCTIVITY
G.95.001 7. OS*OOt -1.4
7.05.001 7.13.001 -I. 2
7.15.001 7.21.001 -0.8
7.23*001 7.28.001 -0.7
7.$9+001 7.55.001 0.4

7.53.001 7.42.001 1.3
7.50.001 7.49_.001 O. 1

THE_ CONDUCTIVITY
_AN T(IqI_RATUI_

TEIqI_RAT_I_ 01rr[_[

25.759 0.525
24.278 0.513
24.787 0.504

25.288 O.498
25.777 0.480
2G.2r-_ 0.477
26.729 0.470

DATA F'OR AJ_I_COIRONI4) 17DI[CG8 115Pli
OBS[RV[D CALCULAT£D P(.RCDqT
THERMAL TH[RMAL DEVIATION

CONDUCTIVl TT CONDUCTIVITY
7.48*001 7.58.001 -I .4
7.66.001 7.72.001 -0.8
7.81 ÷001 7.86.001 -0.6

7.91_001 7.98*001 -0.9
8.23.001 8.11.001 1 .S
8.27_001 8.22.001 0.6
8.38*001 8.34*001 O. S
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Table 17 (Cont.)

TNEMqaL CONDUCTIVITT DATA
_£_uN TENPEmJT_E

TEIqPERAT_( D ! Irlr[IqENCE

28.205 1. 425
29. &O5 1. 381
50.964 1. 537
32. Z83 1. 502
55.5_3 !. 258
$4.811 1.2S9
_. 043 1.224

FOR ARIqco IRONt4) 1_I)(C68
OeSER_ED CALCULAT_
TN[ImAL T_

CONDUCTIVITY CONDUCTIVITY
8.G5+001 8.67+001
8.g0+001 8.97+001
9.22+001 9.23+001
9.47+001 9.47+001
9.82+001 9.68+001
9.96+001 9.8G+001
1.01.002 1.00+002

THERRAL CONDUCT ! Vl
,q(_m

T_ATUIqE

39.555 3.522
43. 044 3.4r'_
46. 460 5. 575
49. 824 3. 355
53.154 3.30(;

56. 475 3. 332
59. 823 3. 368

TY DATA FOR ARJqCO IRONI4)
T[RPtERATUR[ OBS[RV[i) CALCULAT[D
Dlrr[l_ENc[ T_ TI4ERI_tL

CONDUCT|V|TY CONDUCTIVITY
1.04+002 1.04+002
1.06+002 1.07+002
1.09_002 1.08+002
1.09+002 1.09+002
1.11+002 1.10+002

1.10+002 1.09_002
1.09+002 1.09+002

17D_C68

TI4[RR&L CONDUCTIVITY DATA
PI[AN TEPfl_RATUR[

T[fllI_RATUR[ D I rr£R£Ncr

60.412 4.981
65.465 5. 124
70.621 5.1 gO

75. 858 5.284
81.171 5.545
86.585 5.484
9Z. 135 5.612

fOR ARJqCO IRON(4) 18D(CE8
OeSERVCD C_.CULAt_
THCRmJ. TH[RJq_

CONDUCTIVITY CONDUCTIVITY
I. 09+002 1.09_,002
1.06+002 l. 07+002
1.05+002 1.05÷002
1.05+002 1.05+002
1.02+002 1.01 +002
g. 95+001 g. 92+001
9.69+001 g. 72+001

2301m
PIE/tCEJ_IT

DEVIATION

-0.5
-0.7
-0.1

0.0
1.4
0.9
0.4

455PN
PJ_CEJqT

D(V! AT I ON

-0.3
-0.9

0.1
0.1
1.4
0.7
0.1

1150AH
PERC£NT

DEVIATION

0.2
-1.2
-0.6
-0.4

0.7
0.1

-0.2
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Table 17 (Cont.)

TNLII_L CONDU(TIVl TT
I_AN T[IqPIE31ATUIq[

T_ATUI_ D! rrl[ll(_r

2_. 0_5 12.425
258.£71; 12.058
271.5119 12.968
2N._14 15. 141
297. 064 13. 300
311 ._7 !$. 546
324.952 13. 782

DATA fOR _lUq;(o IROW(4) 20D(C G8
OeSF.RV(D ¢_.CULAT[i)
TN[AlqUL THI_

CONI)U(TIYITY CONDQCTIVITT
7.94,001 7.82.00t
7.6e,001 7.71,001
7.63+001 7.60,001
7.53+001 7.494.001
7.45,001 7.39,.001
7.31.001 7.31+001
7.18,001 7.25.001

TNDU_
I1[aa

T_AT1JI_[

CONDUCTIVITY DATA rO_
T£_RATUI_
Dlrr£R(Nc[

22_. 641 7.974
234. 731 8.205
242. 951 8.2_
251.227 8.31 £
259. r_4 8.357
2G7.9i;7 8.449
27(;. 464 8.545

Al_qlC0IR01q(4) 20i)[C E8
06S[RVI[I) C_CULATED
THERIqAL. THERJqAL

CONDUCTIVITY CONDUCTIVITY
8.09,'001 7. N÷001
7.87*00 ! 7.92+001
7.86,001 7.85÷001
7.79+001 7, 78*00 t
7.76÷001 7.70+001
7. 457*'001 7. G3+00I
7.58.001 7.5G*001

1025_
FT.RCEJqT

D(VlATI0N

1.4
-0.4
0.4
0.G
0.9
0.1

-I .0

340Pf'l
P(RC[NT

D(VlATION

1.3
-O.G

0.1
0.1
0.8
0.5
0.3
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Table 1 8 Electrical resistivity deviations for Armco iron, specimen 4.

T[rII_ItATU_
6. 063
8.629

12.870
6.0%

21. g74
22. 005
16.855
22.646

2'5.268
52.210
49.762
76.0_5
81. 745
9_.208

129.306
208.445
259.24 5
221.495
285. O0 7
251. 564

4. 594
9.696

15. 786
20. 069
1 9. 878
26. 745
35. 938
55. 586

77.115
75. 738
84.5(;0
98. 005

t 44. 158
191. 793
195.141
255.413

TERPIERATU_ OIBSIERVlED C.ILCUI.MFJ) P[RCENT INTRINSIC
R/I_I_ It[SIST/_IC[ R[SIST,tNC[ I)[VlATION I_SISTM_ICE

1.452 1.303-004 1.505-004 -0.01 -4.826-008
5.178 1.304-004 1.504-004 0.05 1.017-007
5.121 1.307-004 1.308-004 -0.06 3.517-007
1.470 1.305-004 1.505-004 0.00 -4.826-008
9.850 1.322-004 1.322-004 0.02 1.852-006
9.885 1.322-004 1.522-004 0.01 1.852-006
6.218 1.312-004 1.511-004 0.07 8.517-007
1,858 1.525-004 1.$25-004 -0.01 1.902-006
5.468 1.550-004 1.551-004 -0.08 2.652-006
9.164 1.365-004 1.566-004 -0.05 6.152-006

23.713 1.600-004 1.598-004 0.11 2.965-005
37.016 2.427-004 2.429--004 -0.12 1.123-004

6.441 2.656-004 2.659-004 -0.11 1.533-004
20.877 5.575-004 5.571-004 0.05 2.070-004

55.696 5.409-004 5.405-004 0.08 4. I06-004
114.282 1.116-005 1.114-005 0.16 9.855-004
120.567 1.527-005 1.525-005 0.12 1.597-005
37.178 1.208-003 1.209-005 -0.11 1.078-003
92.018 1.744-003 1.746-005 -0.09 1.614-005
58.082 1.452-003 1.451-005 0.04 1.321-003

0.000 t.505-004 1.503-004 -0.00 -4.826-008
0.000 1.305-004 1.506-004 -0.06 1.517-007
0.000 1.310-004 1.509-004 0.04 6.517-007
0.000 1.517-004 1.316-004 0.05 1.302-006
0.000 1.516-004 1.316-004 0.02 1.252-006
0.000 1.556-004 !.356-004 -0.07 3.202-006
0.000 1.592-004 1.391-004 0.03 8.802-006
0.000 1.703-004 1.701-004 0.12 5.995-005
0.000 2.429-004 2.434-004 -0.17 1.126-004
0.000 2.578-004 2.376-004 0.06 1.074-004
0.000 2.760-004 2.759-004 0.02 1.457-004
0.000 3.462-004 3.460-004 0.04 2.158-004
0.000 6.381-004 6.578-004 0.05 5.078-004
0.000 9.825-004 9.817-004 0.09 8.522-004
0.000 9.890-004 9.918-004 -0.28 8.587-004
0.000 1.305-003 1.303-003 0.02 1.173-003
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Table 19 Thermovoltage deviations for Armco iron, specimen 4.

Ut_PI[R
T[IIP(RAT,JR£

G.ff>6
10.118
15.258
G. 80O

2(;. 5(;O
2G. GOG
19.7715
25.551
2G. 964
3G. G_5
(;1.507
94.938
84. 986

10G. 759
157.630
2_._1
520. GSO
240.258
531. 843
280. 756

LOMER OIBS1ERV(D CALCULAT[D DI[VIATION
Tlrlqll_RaTURI[ THEJI_PqlOV04.TAGE T_VOt.TAG[

5.315 -0.03 -0.12 0.09
G. 940 O. OG O. 28 -0.22

10.157 0.31 0.24 0.07
5.330 -0.02 -0.12 O. 10

1G. 710 2.'68 2.71 -0.05
I£. 721 2.72 2.75 -0.01
13.557 O. 7S 0.58 O. 15
21. 715 O. 49 0.57 -0.08
25.49G I .41 1.54 -0.13
27.491 8.GO 8.72 -0.12
37. 794 77.55 77.56 O. 17
57. 922 282.46 282. G5 -0.19
78. 525 55.52 55.19 O. ! 5
85.882 218.50 218.42 0.08

101 . 954 734.22 734. I 5 O. 09
152. 379 1656.7G IG,._. 91 -0.15
200.283 1597, GO 1597.72 -0.12
205. 059 554.88 534 . 4£ 0. 42
259.825 1149.44 1149.56 O. 08
222. 654 794.32 794.22 O. I 0
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Table 20 "£ransport properties of Armco iron, specimen 2.

Thermal Electrical Lorenz Thermo-

Temp Conductivity Resistivity ratioxl0 a power

(K) {Wm-IK -1 ) ('a ohm m) (V_/K 2) (_V/K)

6 21.7 0.006905 2.49 0.02
7 25.6 0.0069_3 2.52 0.06
8 2g.2 O. 006911 2.53 O. 07
9 32.8 O. 006920 2.53 O. 06

10 36.4 0.006926 2.52 0.07

12 43.5 0.006929 2.51 0.13
14 50.7 0.006932 2.51 0.22
16 57.9 0.006941 2.51 0.32
18 65.0 O. 006957 2.51 0.43
20 71.8 O. 006981 2.50 0.54

25 87.0 O. 007067 2.46 O. 82
30 98.9 0.00719£ 2.37 1.18
55 107 O. 007386 2.26 1.67
40 113 O. 007664 2.16 2.28

45 115 O. 008051 2. OG 3. O0
50 116 O. 0085G2 ! .99 3.79
55 115 O. 009202 1.93 4.63
60 114 O. 00g976 1.89 5.51
65 112 0.01088 1.87 6.38
70 110 0.01191 1.87 7.24

75 107 0.01306 1.87 8.07
80 105 0.01432 1.88 8.86
85 105 0.01r_8 1.89 9,60
90 100 0.01715 1.91 10.30
95 g8.4 O. 01867 1.93 10.95

1O0 %.6 0.02028 I .96 11.54
110 93.4 0.02S71 2.01 12.58
120 90.8 O. 02756 2.07 13.44
130 88.7 0.05119 2.13 14.13
140 87.1 0. 03516 2.19 14.67
150 85.8 O, 05925 2.24 15.07
160 84.7 O. 04340 2.30 15..57
t 70 85.9 O. 04765 2.35 15.57
180 85.1 O. 05196 2.40 15.69
1go 82.4 O. 05635 2.44 15.74
200 81.8 O. 06077 2.48 15.7`5
220 80.5 O. 06983 2.55 15.51;
240 79.1 O. 07918 2.61 15.23
260 77.5 O. 08888 2.65 14.77
280 75.9 0.09905 2.68 14.19
`500 74.3 O. 10970 2.72 1`5.51
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Table 2i Transport properties of Armco iron, specimen 2a.

Temp

(K)

8
7
8
9

10
12
14
IG
18
2O

3O
35
40
45
50
55
60
G5
7O
75
80
85
90
95

100
110
120
130
140
150
160
I 70
180
19O
200
220
240
260
280

Thermal Electrical Lorenz Thermo-

Conductivity Resistivity ratiox 10 a power

(Win-1K -1 ) (_ ohm m) (V2/K e) (_V/K)

19.7 0.007645 2.52 -0.02
23.2 0.007645 2.53 0.08
26.6 O. O07658 2.54 O. 11
29.9 0.007669 2.55 0.1_
33.2 0.007674 2.55 0.11
59.8 0.007676 2.54 0.15
46.4 0.007676 2.54 0.23
52.9 0.007685 2.54 0.33
59.4 O. 007702 2.54 O. 44
65.6 0.007726 2.53 0.56
79.8 0.007812 2.49 0.87
91.2 O. 007936 2.41 I .2S
99.6 0.008119 2.31 1.75

105 O. 008388 2.21 2. :37
108 O. 008766 2.1 ! 3.09
110 O. 009268 2.04 3.87
110 O. 009902 1.98 4.72
109 0.01067 1.94 5.58
108 O. 01157 1.92 6.45
106 O. 01259 !. 91 7.30
104 0.01374 1.91 8.12
102 0.01500 1.91 8.91
1O0 O. 01635 I .93 9.65
98.4 0.01781 1.95 10.34
96.7 0.01954 1.97 10.97
95.1 O. 02096 1.99 11.56
92.3 0. 02438 2.05 ! 2.59
90.1 O. 02805 2. I 0 13.45
88.3 0.03185 2.16 14.10
86.9 0.03581 2.22 14.63
85.7 0. 03988 2.28 15.02
84.7 O. 04404 2.33 15.5t
85.8 0.04827 2.38 15.50
83.0 O. 05258 2.42 15.62
82.2 0.05694 2.46 15.67
81.4 O. 06137 2.50 15.66
79.8 0.07042 2.56 15.50
78.2 O. 07978 2.60 15.18
76.6 O. 08952 2.64 14.72
75.3 O. 09971 2.68 14.14
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Table 22 Transport properties of Armco iron, specimen 4.

Thermal Electrical Lorenz Thermo-

Temp Conductivity Resistivity ratiox 10 a power

(K) (Wm-_K -1 ) (_ohm m) (V2/K a) (_V/K)

6 19,6 0.00767'5 2.51 -0.07
7 23.0 0.007664 2.52 0.07
8 26.3 O. 007673 2.52 O. 11
9 29.6 0.007605 2.53 0.11

10 32.9 0.007694 2.55 0.11

12 39.4 0.007702 2.53 O. 13
I4 46.0 0.007706 2.53 0.19
16 52.5 0.007715 2.55 0.28
18 58.9 0.007730 2.53 0.39
20 65. I O. 007752 2.52 0.50
25 79, 1 O. 007854 2.46 O. 80
30 90.5 0.007960 2.40 1.18
35 98.9 0.008149 2.30 1.66
40 t 05 O. 008427 2.20 2.27
45 108 O. 008814 2.11 2.97
50 109 0.009324 2.04 3.74
55 110 O. 009965 1.96 4.56
60 109 O. 0I 074 1.95 5.44
65 107 O. O! 164 1.92 6.30
70 106 O. 01267 1.91 7.15
75 104 O. 01382 1.91 7.98
80 102 0.01507 1.92 8.77
85 99.8 0.01643 1.93 9.51

90 97.9 0.01789 1.95 10.20
95 96.2 0.01942 I .97 10.85

100 94.6 0.02104 1.99 11.44
110 91.8 0.02446 2.04 12.47
120 69.6 0.02811 2.10 13.31
130 67.9 0.05195 2.16 15.99
140 66.5 O. 05589 2.22 14.51
150 65.4 O. 05996 2.26 14.91
160 64.5 0.04412 2.33 15.20
1 70 83.8 O. 04856 2.38 15.39
160 63.1 O. 05267 2.43 15.51
190 82.4 O. 05704 2.47 15.56
200 61.8 O. 06146 2.51 15.55
220 60.4 O. 0 7052 2.58 15.39
240 78.8 O. 0 7986 2.62 15.07
260 77.0 O. 08957 2.65 14.62
260 7"5.3 O. 09973 2.68 14.05
300 75.8 O. 11040 2.71 13.36
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Table 23 The Lorenz ratio and intrinsic electrical resistivity of Armco iron

(average of the results fr¢_ specimens 2, 2a, and 4.)

Intrinsic

Lorenz Electrical

Temp ratio × I0 ° Resistivity

(K) (V2/K2) (_ ohm m)

4 2.263 0.0000

5 2.455 0.0000

6 2.505 0.0000

7 2.523 0.0000

8 2.531 0.0000

9 2.533 0.0000

10 2.532 0.0000

12 2.529 0.0000

14 2.528 0.0000

16 2.528 0.0000

18 2.527 0.0001

20 2.521 0.0001

25 2.477 0.0002

30 2.395 0.0003

35 2.292 0.0005

40 2.188 0.0008

45 2.096 O. O011

50 2.021 0.0016

55 1.965 0.0023

60 1.927 0.0030

65 1.905 0.0040

70 1.895 0.0050

75 1.895 0.0061

80 1.903 0.0074

85 1.917 0.0087

90 1.935 0.0102

95 1.956 0.0117

I00" 1.980 0.0134

Ii0 2.034 0.0168

120 2.091 0.0204

130 2.150 0.0242

140 2.209 0.0282

150 2.266 0.0323

160 2.320 0.0364

170 2.371 0.0407

180 2.418 0.0450

190 2.461 0.0494

200 2.499 0.0538

220 2.562 0.0628

240 2.610 0.0722

260 2.647 0.0819

280 2.682 0.0921

300 2.724 0.1028
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Figure I. Division of Armco iron rod. Each of the IZ pieces

shown was machined into a circular cylinder for

measurement.
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8. Appendix

A complete documentation of experimental and numerical pro-

cedures was intended to be given in a previous report (Hust, et altll)r,.

so that future manipulations with the experimental data could be per-

formed if necessary. Some useful information, overlooked in the prep-

aration of that report, is included here.

The calibration table for the Chrornel vs Au-Fe (Au-0.07 at. %

Fe) thermocouples is given in table I. The derivation of this table is

explained in reference [1].

To compute the reference ring temperature from the experimen-

tal data one needs the calibration of the piatinum resistance thermom-

eter. Table II is the calibration table for the PRT used in this appa-

ratus and designated LN-1037903.

To reanaiyze any of the reported data one must have the actual

thermocouple positions (nominally 2.54 cm apart) and the diameter of

the specimen. Table II contains these data for the previously reported

specimens as well as for Armco iron.

!l]zeroAs reported by Hust, et al. emfs were read for each

thermocouple to eliminate, as much as possible, the effect of spurious

emfs in the potentiometric circuitry. These zero emfs differ for each

cryogenic bath and are iisted in table IV.
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T able 1 - Calibrali(m table for Chron_et vs Au-Fc

(Au-0.07 at._0 Fe_ thcrmocouple

T Emf T Emf

(K) (_v) _K) c,,v)

51 8L9.

52 836.

53 853.

4 39.59 54 870.

5 52.40 55 887.

6 66.07 56 904,

7 80.48 57 922.

8 95.50 58 939.

9 111.03 59 956.

10 126.98 60 974.

11 t43.27 61 991.

12 159.83 62 1009.

13 176.61 63 1026.

14 193.55 64 1044.

15 210.61 65 1062.

16 227.75 66 1079.

17 244.96 67 1097.

18 262.19 68 ii15.

19 279.44 69 1133.

20 296.68 70 I150.

21 313.90 71 1168.

22 331.10 72 1186.

23 348.26 73 1204.

24 365.38 74 1222.

25 382.47 75 1240.

26 399.50 76 1259.

27 416.50 77 1277.

28 433.45 78 1295.

29 450.35 79 1313.

30 467.22 80 1331.

31 484.05 81 1350.

32 500.84 82 1368.

33 517.61 83 1387.

34 534.34 84 1405.

35 551.05 85 1424.

36 567.74 86 1442.

37 584.42 87 1461.

38 601.08 88 1479.

39 617.74 89 1498.

40 634.39 90 1517.

41 651.05 91 1535.

42 667.73 92 1554.

43 684.44 93 1573.

44 701.17 94 1592.

45 717.94 95 1611.

46 734.74 96 1630.

47 751.58 97 1649.

48 768.45 98 1668.

49 785.37 99 1687.

50 802.32 100 1706,

32

35

44

57

74

96

22

53

89

30

75

24

79

38

Ol

7O

42

20

02

88

79

75

74

79

87

O0

17

39

65

95

29

67

10

57

O8

63

22

85

52

23

98

77

60

46

37

31

29

31

36

45

9O



Table I - Calibrationtable for Chromelvs Au-Fe
{Au-0.07 at.% Fe) thermocouple (Continued)

T Emf T Emf

(K) (_V) (K) (_V)

I01 1725.58 151 2721.26

102 1744.74 152 2741.86

103 1763.94 153 2762.48

]04 1783.17 154 2783.12

105 1802.44 155 2803.78

106 1821.75 156 2824.47

I07 1841.08 157 2845.18

108 1860.45 158 2865.92

109 1879.86 159 2886.67

llO 1899.30 160 2907.45

111 1918.77 161 2928.25

112 1938.27 162 2949.07

I13 1957.80 163 2969.92

114 1977.37 164 2990,78

115 1996.97 165 3011.67

116 2016.60 166 3032.58

I17 2036.26 167 3053.51

If8 2055.95 168 3074.46

119 2075.67 169 3095.43

120 2095.42 170 3116.42

121 2115.20 171 3137.43

122 2135.01 172 3158.46

123 2154.85 173 3179.50

124 2174.72 174 3200.57

125 2194.61 175 3221.66

126 2214.54 176 3242.77

127 2234.49 177 3263.89

128 2254.47 178 3285.04

129 2274.48 179 3306.20

130 2294.51 180 3327.38

131 2314.57 181 3348.58

132 2334.66 182 3369.79

133 2354.78 183 3391.03

134 2374.92 184 3412.28

135 2395.09 185 3433.55

136 2415.29 186 3454.83

137 2435.51 187 3476.13

138 2455.75 188 3497.45

]39 2476.03 189 3518.79

140 2496.33 190 3540.14

141 2516.65 191 3561.51

142 2537.00 192 3582.90

143 2557.38 193 3604.30

144 2577.78 194 3625.72

145 2598.20 195 3647.15

146 2618.65 196 3668.60

147 2639.12 197 3690.07

148 2659.62 198 3711.55

149 2680.15 199 3733.05

150 2700.69 200 3754.56
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